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@  A  color  printing  control  system  and  method. 

The  color  printing  control  system  has  a  color  printer  (58) 
and  a  microprocessor  (14).  The  output  of  photocells  (52a, 
52b,  52c)  which  read  color  negatives  is  applied  to  the  micro- 
processor  (14)  enabling  it  to  calculate  print  time  signals. 
These  signals  are  applied  to  paddles  (32,  34,  36)  and  move 
them  into  the  light  path  of  terminate  light  exposure.  A  print 
test  probe  (59)  coupled  to  the  microprocessor  (14)  reads  the 
density  of  the  prints  and  forms  a  feedback  loop  which  allows 
the  microprocessor  to  adjust  its  internal  values.  Color  bal- 
ancing  is  performed  without  knowledge  of  paper  characteris- 
tics  and  without  operator  setup  calculations.  This  is  achieved 
using  the  difference  in  density  between  a  reference  print  and 
prints  made  by  the  system  as  a  basis  for  calculating  correc- 
tion  factors  which  are  applied  to  such  values  as  slope  to 
cause  subsequent  print  time  signals  to  result  in  correct  den- 
sity. 



T h i s   i n v e n t i o n   r e l a t e s   to  the  f i e l d   of  a r t   o f  

s y s t e m s   wh ich   c o n t r o l   c o l o r   p r i n t i n g .  
C o l o r   p r i n t i n g   c o n t r o l   s y s t e m s   a re   known  in  t h e  

a r t .   H o w e v e r ,   p r i o r   s y s t e m s   have  been  l i m i t e d   in  t h a t  

t h e y   have   u s u a l l y   r e q u i r e d   hand  c a l c u l a t i o n s   by  a n  

o p e r a t o r   of  the   r e a d i n g s   of  the   d e n s i t y   i n f o r m a t i o n   on  

the   p r i n t s ,   or  t h e y   have  r e q u i r e d   c o m p l i c a t e d   p r i n t i n g  

p r o c e d u r e s   such   as  r i n g - a r o u n d s ,   s e v e n - b u t t o n   d e n s i t y  

s e r i e s ,   s l o p e   s e r i e s ,   e t c .   The  p r i o r   a r t   has   b e e n  

u n a b l e   to  a c h i e v e   a  f u l l y   a u t o m a t e d   s y s t e m   w i t h   a  c l o s e d  

f e e d b a c k   l o o p   t h a t   o p e r a t e d   w i t h   e f f i c i e n c y   bu t   w i t h o u t  

a  g r e a t   d e a l   of  c o m p l e x i t y .   P r i o r   c o m p u t e r   c o n t r o l l e d  

s y s t e m s   have   been   e x t r e m e l y   c o m p l i c a t e d   and  d i f f i c u l t   t o  

s e t   up  and  b a l a n c e .   On  the   o t h e r   h a n d ,   n o n c o m p u t e r  

c o n t r o l l e d   s y s t e m s   have   l e f t   much  to  be  d e s i r e d   in  t h a t  

t h e y   have   no t   p r o v i d e d   a d e q u a t e   f l e x i b i l i t y   and  s i m p l i c -  

i t y   in  s e t u p   wh ich   a re   n e c e s s a r y   f o r   t o d a y ' s   m u l t i p l i c -  

i t y   of  f i l m   t y p e s ,   p r i n t   s i z e ,   e t c .   A  f u r t h e r   o b j e c t i o n  

of  p r i o r   c o l o r   p r i n t i n g   c o n t r o l   s y s t e m s   has  been   t h a t  

t h e y   have   g e n e r a l l y   not   p r o v i d e d   a d e q u a t e   f i r s t   p r i n t  

r e s u l t s   or  t r u e   c o l o r   b a l a n c e   fo r   n e g a t i v e s   made  u n d e r  

t u n g s t e n   or  f l u o r e s c e n t   l i g h t   c o n d i t i o n s .  
A  c o l o r   p r i n t i n g   c o n t r o l   s y s t e m   f o r   m a k i n g   c o l o r  p r i n t s  

from  c o l o r   n e g a t i v e s ,   a c c o r d i n g  t o  t h e  i n v e n t i o n ,  c o m p r i s e s   a  c o l o r  
p r i n t e r ,   m i c r o p r o c e s s o r   and  p h o t o c e l l s   f o r   r e a d i n g   t h e  

c o l o r   n e g a t i v e .   A  p l u r a l i t y   of  p a d d l e s   moves  s u b t r a c -  

t i v e   f i l t e r s   and  s h u t t e r s   i n t o   the   l i g h t   p a t h   in  r e -  

s p o n s e   to   p r i n t   t i m e   s i g n a l s   from  the   c o m p u t e r .   T h e  

p r i n t i n g   t i m e s   of  t h e s e   s i g n a l s   a r e   c o m p u t e d   from  t h e  

p h o t o c e l l   r e a d i n g s   of  the   r e d ,   g r e e n   and  b l u e   - l i g h t  

t r a n s m i t t e d   t h r o u g h   the  n e g a t i v e .   These   c a l c u l a t i o n s  

a r e   b a s e d   upon  v a l u e s   s t o r e d   in  t he   c o m p u t e r   m e m o r y  
w h i c h   have   been   d e t e r m i n e d   d u r i n g   an  a u t o m a t e d   s e t u p  

p r o c e d u r e .   A  p r i n t   t e s t   p r o b e   c o u p l e d   to  t he   m i c r o -  

p r o c e s s o r   r e a d s   the   d e n s i t y   v a l u e s   of  a  p r i n t   made  f r o m  

a  r e f e r e n c e   n e g a t i v e ,   and  t h o s e   of  a  c o r r e c t l y   e x p o s e d  

p r i n t   of  t he   same  n e g a t i v e .   If  t h e r e   is  any  d i f f e r e n c e ,  



t h e   m i c r o p r o c e s s o r   c a l c u l a t e s   f rom  t h e s e   r e a d i n g s   a  s e t  

of  c o r r e c t i o n   f a c t o r s   w h i c h   t h e n   p e r m i t   i t   to  m a k e  

c o r r e c t   p r i n t s   f rom  t h i s   r e f e r e n c e   n e g a t i v e ,   and  t h e r e -  

f o r e   f rom  any  o t h e r   n e g a t i v e .  

F u r t h e r ,   t h e   m i c r o p r o c e s s o r   d e t e r m i n e s   t h e  

p r o p e r   r e l a t i o n s h i p   b e t w e e n   l i g h t   t r a n s m i s s i o n   t h r o u g h  

t h e   n e g a t i v e   and  p r o p e r   p r i n t   t ime   s i g n a l s   f o r   u n d e r   a n d  

o v e r e x p o s e d   n e g a t i v e s   to  c o m p e n s a t e   f o r   the   n o n - l i n e a r  

r e l a t i o n s h i p   w h i c h   e x i s t s   (known  as  " s l o p e " ) .   Th i s   i s  

done   by  m a k i n g   p r i n t s   of  an  o v e r   and  an  u n d e r e x p o s e d  
n e g a t i v e ,   and  c o m p a r i n g   t h e s e   p r i n t s   w i t h   t he   c o r r e c t l y  

e x p o s e d   p r i n t s .   The  m i c r o p r o c e s s o r   u s e s   t h e   d i f f e r e n c e s  

to   c a l c u l a t e   a  new  s l o p e   c h a r a c t e r i s t i c   w h i c h   w i l l  

p r o d u c e   p r o p e r   p r i n t s   w i t h o u t   d a t a   on  the   c h a r a c t e r i s -  

t i c s   of  p a p e r   u s e d .   The  p r o c e d u r e   is   p e r f o r m e d   u s i n g  

one  s e t   of   m o d e r a t e l y   o v e r   and  u n d e r e x p o s e d   r e f e r e n c e  

n e g a t i v e s ,   and  a g a i n   w i t h   a  s e t   of   e x t r e m e l y   o v e r   a n d  

u n d e r e x p o s e d   n e g a t i v e s .   Thus  a  f o u r - s e g m e n t   s l o p e  

c h a r a c t e r i s t i c   is  d e r i v e d   w h i c h   p r o v i d e s   p r o p e r   c o r r e c -  

t i o n   f o r   b o t h   m o d e r a t e l y   and  e x t r e m e l y   i n c o r r e c t   n e g a -  
t i v e   e x p o s u r e s .   No  o p e r a t o r   s e t u p   c a l c u l a t i o n s   a r e  

r e q u i r e d .  

T h e r e   is  s t i l l   f u r t h e r   p r o v i d e d ,   a  m e t h o d   o f  

p r i n t i n g   n e g a t i v e s   t h a t   have   a  c o l o r   p r e d o m i n a n c e ,   w h e r e  

t h e   c o n v e n t i o n a l   " i n t e g r a t i o n - t o - g r a y "   m e t h o d   w o u l d  

p r i n t   i n c o r r e c t l y .   The  c o l o r   c o n t e n t   of  t he   n e g a t i v e   i s  

a n a l y z e d ,   and  when  a  c o l o r   p r e d o m i n a n c e   is  d e t e c t e d   t h e  

p r i n t i n g   c o l o r   b a l a n c e   is  m o d i f i e d   a c c o r d i n g l y .   I n  

c a s e s   w h e r e   t he   c o l o r   a n a l y s i s   i n d i c a t e s   t he   p o s s i b i l i t y  

of  an  e x p o s u r e   u n d e r   t u n g s t e n   l i g h t ,   f o r   w h i c h   n o r m a l  

o u t d o o r   f i l m   is   n o t   p r o p e r l y   b a l a n c e d ,   an  o p e r a t o r  

p r o m p t   i s   shown  so  t h a t   t he   o p e r a t o r   can  d e c i d e   w h e t h e r  

t h e   p i c t u r e   seems  to  be  one  t a k e n   u n d e r   t u n g s t e n   i l l u m i -  

n a t i o n .   I f   so ,   a  t u n g s t e n   c o l o r   c o r r e c t i o n   is  added   t o  

g i v e   a c c u r a t e   c o l o r   b a l a n c e   in  t he   p r i n t .   A  s i m i l a r  



p r o c e d u r e   is  f o l l o w e d   f o r   f l u o r e s c e n t   l i g h t   i l l u m i n a -  

t i o n .  

F i g .   1A  is   a  b l o c k   d i a g r a m   of  a  c o l o r   p r i n t i n g  
c o n t r o l   s y s t e m   in  a c c o r d a n c e   w i t h   the   i n v e n t i o n  

d e s c r i b e d .  

F i g .   1B  is   a  c h a r t   of  a  f o u r   s e g m e n t   t i m e  

v e r s u s   d e n s i t y   s l o p e   c u r v e .  

F i g .   2A  is   a  f l o w c h a r t   of  the   g e n e r a l   b a l a n c i n g  

p r o c e d u r e   u s e d   in  the   i n v e n t i o n   of  F i g .   l A .  

F i g .   2B  is  a  f l o w c h a r t   of  the   g e n e r a l   p r i n t  

c y c l e   p e r f o r m e d   by  the   i n v e n t i o n   of  F i g .   l A .  

F i g s .   3A-B  t a k e n   t o g e t h e r   form  a  f l o w c h a r t  o f  

the   d e t a i l e d   i n i t i a l   s e t u p   and  b a l a n c i n g   p r o c e d u r e  
used   in  the   i n v e n t i o n   of  F i g .   l A .  

F i g s .   3C-D  t a k e n   t o g e t h e r   form  a  f l o w c h a r t   o f  

the   d e t a i l e d   p r i n t   c y c l e   p e r f o r m e d   by  the  i n v e n t i o n   o f  

F i g .   l A .  

G e n e r a l   D e s c r i p t i o n   of   S y s t e m   10  

A  b l o c k   d i a g r a m   of  a  p r e f e r r e d   e m b o d i m e n t   of  a  

c o l o r   p r i n t e r   s y s t e m   10  is   shown  in  F i g .   1A.  C o l o r  

p r i n t e r   s y s t e m   10  i n c l u d e s   a  c o n v e n t i o n a l   c o l o r   p r i n t e r  

58,  a  m i c r o p r o c e s s o r   14,  e r a s e a b l e   p r o g r a m m a b l e   r e a d  

o n l y   memory  (EPROM)  23,  a  r andom  a c c e s s   memory  (RAM)  24 

i n t e r c o n n e c t e d   by  a  means   of  bus  22,  an  A/D  c o n v e r t e r  

44,  a  m u l t i p l e x e r  4 2 ,   o p e r a t i o n a l   a m p l i f i e r s   4 0 a - c ,   a n d  

a  p r i n t   t e s t   p r o b e   59.  T e s t   p r o b e   59  r e a d s   c o l o r   p r i n t s  

and  t r a n s m i t s   d e n s i t y   r e a d i n g s   d i r e c t l y   to  t he   c o n t r o l  

c i r c u i t r y   t h r o u g h   m u l t i p l e x e r   42.  Time  c o n t r o l l e r   c h i p  

(CTC)  19  p r o v i d e s   m i c r o p r o c e s s o r   14  w i t h   r e a l  t i m e  



i n t e r r u p t s   and  c a s s e t t e   d r i v e   28  is  u s e d   to  s t o r e   d a t a  

b a s e   i n f o r m a t i o n .   T h i s   d a t a   b a s e   i n f o r m a t i o n   p a s s e s  
b e t w e e n   c a s s e t t e   d r i v e   28  and  RAM  24  w h e r e   i t   is   s t o r e d  
when  b e i n g   u s e d ,   by  means   of  bus  26,  m i c r o p r o c e s s o r   14 
and  bus  22.  D i s p l a y   16  and  k e y b o a r d   18  a r e   c o n n e c t e d   t o  
m i c r o p r o c e s s o r   1 4  b y   means  of  bus  20.  U s i n g   d i s p l a y   16  
and  k e y b o a r d   18  the   o p e r a t o r   may  c o m m u n i c a t e   w i t h   c o l o r  
p r i n t e r   s y s t e m   1 0 .  

W i t h i n   c o l o r   p r i n t e r   58,  n e g a t i v e   46,   in  a 
n e g a t i v e   mask  48,   is  p l a c e d   a b o v e   l a m p h o u s e   50.  L a m p -  
h o u s e   50  c o n t a i n s   an  i l l u m i n a t i o n   s o u r c e   and  t he   i l l u m i -  
n a t e d   n e g a t i v e   is  f o c u s e d   t h r o u g h   l e n s   54  o n t o   the   p a p e r  
w h i c h   is  to  be  e x p o s e d .   P a p e r   t r a n s p o r t   56  c o n t r o l s   t h e  
m o v e m e n t   of  t h i s   p a p e r .   The  l i g h t   w h i c h   is  t r a n s m i t t e d  
t h r o u g h   n e g a t i v e   46  s t r i k e s   p h o t o c e l l s   5 2 a - c   w h i c h  

d e t e r m i n e   how  much  r e d ,   g r e e n   and  b l u e   l i g h t   r e s p e c t i v e -  

ly   is   t r a n s m i t t e d   t h r o u g h   n e g a t i v e   4 6 .  

The  o u t p u t s   f rom  p h o t o c e l l s   5 2 a - c   a r e   a m p l i f i e d  

by  m e a n s   of  o p e r a t i o n a l   a m p l i f i e r s   4 0 a - c .   The  o u t p u t s  

of  a m p l i f i e r s   4 0 a - c   and  d e n s i t o m e t e r   59  a r e   m u l t i p l e x e d  

by  m u l t i p l e x e r   42  and  a p p l i e d   to  A/D  c o n v e r t e r   44.  A/D 

c o n v e r t e r   44  s u p p l i e s   m i c r o p r o c e s s o r   14  w i t h   d i g i t a l  

i n f o r m a t i o n   of  t h e   o u t p u t   of  p h o t o c e l l s   5 2 a - c   and  p r o b e  

59  by  means   of  bus  1 2 .  

Cyan  p a d d l e   32  i n c l u d e s   a  cyan   f i l t e r   w h i c h  

b l o c k s   cyan   l i g h t   w h i l e   a l l o w i n g   o t h e r   f r e q u e n c i e s   o f  

l i g h t   to  p a s s .   T h i s   cyan  f i l t e r   may  be  moved  b e t w e e n  

lamp  h o u s i n g   50  and  the   p a p e r   w h i c h   is  b e i n g   e x p o s e d  

t h e r e b y   t e r m i n a t i n g   cyan   e x p o s u r e .   S i m i l a r l y ,   m a g e n t a  

p a d d l e   34  and  y e l l o w   p a d d l e   36  may  be  u s e d   to   t e r m i n a t e  

m a g e n t a   e x p o s u r e   and  y e l l o w   e x p o s u r e   r e s p e c t i v e l y .   D a r k  

s h u t t e r   38  is  u s e d   to  c o m p l e t e l y   b l o c k   any  l i g h t   f r o m  

s t r i k i n g   t h e   p a p e r .   EPROM  23  and  RAM  24  c o n t a i n   a l g o -  

r i t h m s   and  d a t a   w h i c h   a l l o w   m i c r o p r o c e s s o r   14  to   m a k e  



c a l c u l a t i o n s   b a s e d   upon  the   o u t p u t   of  p h o t o c e l l s   5 2 a - c  

and  to  make  d e t e r m i n a t i o n s   as  to  when  to  a c t i v a t e  

p a d d l e s   32,  34,  36  d a r k   s h u t t e r   38  and  p a p e r   t r a n s p o r t  
56.  M i c r o p r o c e s s o r   14  e x e r c i s e s   c o n t r o l   o v e r   t h e s e  

d e v i c e s   by  means   of  bus  31.  Bus  31  i n c l u d e s   c o n v e n -  

t i o n a l   a d d r e s s   d e c o d e r s .  

G e n e r a l   D e s c r i p t i o n   of  C o l o r   B a l a n c i n g   P r o c e d u r e  

In  t h e   c o l o r   b a l a n c i n g   p r o c e d u r e   shown  in  F i g .  

2A,  c o l o r   p r i n t e r   s y s t e m   10  a d j u s t s   t he   p r i n t   t i m e s  

w h i c h   w i l l   be  u s e d   to  p r o d u c e   c o l o r   p r i n t s   f rom  a  s t a n -  

d a r d   r e f e r e n c e   n e g a t i v e .   The  o b j e c t i v e   is   to   p r o d u c e  

p r i n t s   w i t h   t he   same  r e d ,   g r e e n   and  b l u e   d e n s i t i e s   as  a  

s t a n d a r d   r e f e r e n c e   p r i n t .   A d d i t i o n a l l y ,   t he   p r o c e d u r e  

a d j u s t s   v a r i o u s   c o n s t a n t s   w h i c h   w i l l   be  u s e d   as  c o r r e c -  

t i o n   f a c t o r s   to  c o m p e n s a t e   f o r   t he   n o n - l i n e a r   r e l a t i o n -  

s h i p   b e t w e e n   d e n s i t y   and  t ime   when  u n d e r   and  o v e r e x p o s e d  

n e g a t i v e s   a r e   p r o c e s s e d .   The  o p e r a t o r   of  c o l o r   p r i n t e r  

s y s t e m   10  p e r f o r m s   the   b a l a n c i n g   p r o c e d u r e   when  s y s t e m  
10  is  i n s t a l l e d   and  p e r i o d i c a l l y   when  any  of  t he   p r i n t -  

ing  or  p r o c e s s i n g   c o n d i t i o n s   have   c h a n g e d .   A  m a j o r  

p u r p o s e   of  t h i s   b a l a n c i n g   p r o c e d u r e   is  to   a u t o m a t i c a l l y  

d e v e l o p   p r o p e r   s l o p e   c o r r e c t i o n s .   A  g r a p h i c   r e p r e s e n t a -  

t i o n   of  the   s l o p e   c h a r a c t e r i s t i c s   a r e   shown  in  F i g .   1 B .  

Each  of  the   t h r e e   p r i m a r y   c o l o r s   r e d ,   g r e e n   and  b l u e   h a s  

i t s   own  i n d e p e n d e n t   d e n s i t y   s l o p e   s i m i l a r   to  the   o n e  

shown  in  F i g .   1B.  H o w e v e r ,   the   t h e o r y   i n v o l v e d   in  s l o p e  

c o r r e c t i o n   is  i d e n t i c a l   fo r   e a c h   of  the   t h r e e   c o l o r s   a n d  

the   b a l a n c i n g   p r o c e d u r e   to  be  d e s c r i b e d   w i l l   be  the   s a m e  

f o r   e a c h .  

S i n c e   a  s m a l l   amoun t   of  l i g h t   f rom  s o u r c e s  

e x t e r n a l   to  the   p r i n t e r   w i l l   l e a k   i n t o   c o l o r   p r i n t e r   58 

and  a f f e c t   t he   p h o t o c e l l   r e a d i n g s ,   an  a m b i e n t   l i g h t  

o f f s e t   f a c t o r   is  d e v e l o p e d   in  b l o c k   80  by  t u r n i n g   t h e  

l i g h t   s o u r c e   in  l a m p h o u s e   50  of  F i g .   1A  o f f   w h i l e  



r e a d i n g s   a r e   t a k e n   u s i n g   p h o t o c e l l s   5 2 a - c .   The  o u t p u t s  
o b t a i n e d   f rom  o p e r a t i o n a l   a m p l i f i e r s   4 0 a - c   a r e   s t o r e d   i n  

RAM  24  u n t i l   the   p r i n t   is  made .   These   a m b i e n t   l i g h t  

v a l u e s   a r e   t h e n   s u b t r a c t e d   f rom  t he   p h o t o c e l l   r e a d i n g s  

when  p r i n t s   a r e   made .   T h i s   p r o c e d u r e   t h u s   e l i m i n a t e s  

t h e   e f f e c t   of   e x t e r n a l   l i g h t   w h i c h   l e a k s   i n t o   c o l o r  

p r i n t e r   5 8 .  

In  b l o c k   82  of  F i g .   2A,  f i v e   s t a n d a r d   r e f e r e n c e  

n e g a t i v e s   a r e   r e a d   u s i n g   c o l o r   p r i n t e r   58  shown  in  F i g .  

lA.   The  f i r s t   is   a  n o r m a l   r e f e r e n c e   e x p o s u r e   w h i c h   i s  

a s s u m e d   to  be  a  c o r r e c t   e x p o s u r e .   The  r e m a i n i n g   f o u r  

n e g a t i v e s   r e p r e s e n t   v a r y i n g   d e g r e e s   of  o v e r e x p o s u r e   a n d  

u n d e r e x p o s u r e .   They  a r e   an  o v e r e x p o s e d   r e f e r e n c e  

n e g a t i v e ,   an  u n d e r e x p o s e d   r e f e r e n c e   n e g a t i v e ,   a n  

e x t r e m e l y   o v e r e x p o s e d   n e g a t i v e ,   and  an  e x t r e m e l y   u n d e r -  

e x p o s e d   n e g a t i v e .   T h r e e   r e a d i n g s   a r e   made  f o r   e a c h   o f  

t h e   f i v e   n e g a t i v e s ,   one  f o r   t he   amoun t   of  t he   red   l i g h t  

d e t e c t e d   by  the   p h o t o c e l l   52a ,   one  f o r   t he   amoun t   o f  

g r e e n   l i g h t   d e t e c t e d   by  p h o t o c e l l   52b  and  one  f o r   t h e  

a m o u n t   of   b l u e   l i g h t   d e t e c t e d   by  p h o t o c e l l   52c .   T h e r e -  

f o r e ,   a  t o t a l   of  f i f t e e n   A/D  r e a d i n g s   a r e   t a k e n   as  a  

r e s u l t   of  t h e   o p e r a t i o n s   p e r f o r m e d   in  b l o c k   82.  T h e s e  

d i g i t a l   v a l u e s   a r e   r e l a t e d   to  t he   q u a n t i t y   of  r e d ,   g r e e n  
and  b l u e   l i g h t   t r a n s m i t t e d   t h r o u g h   the   n e g a t i v e s   b e c a u s e  

t h e y   r e p r e s e n t   t he   i n t e g r a t e d   o u t p u t   of  the   p h o t o c e l l s .  

T h e s e   f i f t e e n   r e a d i n g s   a r e   s t o r e d   in  the   d a t a   b a s e   w h i c h  

has   b e e n   l o a d e d   f rom  c a s s e t t e   d r i v e   28  and  is   s t o r e d   i n  

RAM  24.   T h e s e   r e a d i n g s   a r e   u s e d   to  e s t a b l i s h   r e f e r e n c e  

p o i n t s   60,   64,   68,   72  and  76  of  F i g .   1 B .  

The  r e a d i n g   of  the   n o r m a l   r e f e r e n c e   n e g a t i v e   i s  

u s e d   to   e s t a b l i s h   c e n t e r   r e f e r e n c e   p o i n t   68,  the   r e a d i n g  

of   t h e   o v e r e x p o s e d   r e f e r e n c e   n e g a t i v e   is  u s e d   to  e s t a b -  

l i s h   r e f e r e n c e   p o i n t   60,  t h e   r e a d i n g   of   t he   u n d e r e x p o s e d  

r e f e r e n c e   n e g a t i v e   is  u sed   to   e s t a b l i s h   r e f e r e n c e   p o i n t  

72,   and  the   r e a d i n g   of  t h e   e x t r e m e l y   u n d e r e x p o s e d   n e g a t -  



ive   is   u s e d   to  e s t a b l i s h   r e f e r e n c e   p o i n t   76.  T h e s e  

r e f e r e n c e   p o i n t s   a r e   u sed   to   d e t e r m i n e   t he   s l o p e s   o f  

s e g m e n t s   62,  66,  70  and  74  of  t he   f o u r   s e g m e n t   s l o p e   o f  

F i g .   1 B .  

B l o c k   84  shows   a  t e s t   u sed   to   a s s u r e   c o n s i s t e n t  

p r i n t s .   In  t h i s   t e s t   t h r e e   p r i n t s   a r e   made  of  a  n o r m a l  

r e f e r e n c e   n e g a t i v e .   T h e s e   p r i n t s   a r e   c o m p a r e d   v i s u a l l y  

f o r   c o n s i s t e n c y .   One  of  them  is  u s e d   f o r   a  c o m p a r i s o n  

w i t h   a  r e f e r e n c e   p r i n t   b e l o w .  

In  b l o c k   86  two  r e a d i n g s   u s i n g   p r i n t   t e s t   p r o b e  

59  a r e   made .   P r i n t   t e s t   p r o b e   59  is  a  l i g h t  s o u r c e   a n d  

l i g h t   s e n s i n g   d e v i c e   such   as  a  d e n s i t o n e t e r .   I t s   o u t p u t  

is  c o n n e c t e d   d i r e c t l y   to  p r o c e s s o r   14  by  way  of  m u l t i -  

p l e x e r   42,  c o n v e r t e r   44  and  bus  12.  When  a  p r i n t   i s  

p l a c e d   u n d e r   p r o b e   59  and  t he   a m o u n t   of  r e d ,   g r e e n   a n d  

b l u e   l i g h t   r e f l e c t e d   o f f   t he   p r i n t   is  m e a s u r e d ,   t h e  

o p e r a t o r   d e p r e s s e s   k e y s   on  k e y b o a r d   18  to  a u t o m a t i c a l l y  

e n t e r   t h a t   d a t a   i n t o   RAM  2 4 .  

The  f i r s t   p r i n t   r e a d   by  p r o b e   59  is  a  s t a n d a r d  

n o r m a l   r e f e r e n c e   p r i n t .   The  c o m p u t e r   a t t e m p t s   to  m a k e  

a l l   p r o d u c t i o n   p r i n t s   l o o k   l i k e   t h i s   r e f e r e n c e   p r i n t .  

I t   d o e s   t h i s   by  c o n t r o l l i n g   p a d d l e s   32,  34  and  36  t o  

c a u s e   t he   d e n s i t y   f o r   e a c h   c o l o r   in  the   p r o d u c t i o n   p r i n t  

to  e q u a l   t he   c o r r e s p o n d i n g   d e n s i t y   in  t h i s   n o r m a l  

r e f e r e n c e   p r i n t .   H a v i n g   s t o r e d   in  i t s   d a t a   b a s e   in  RAM 

24  the   a m o u n t   of  r e d ,   g r e e n   and  b l u e   r e f l e c t e d   from  t h e  

r e f e r e n c e   p r i n t   and  d e t e c t e d   by  the   p r o b e   of  l i g h t  

s e n s i n g   head   59,  the   c o m p u t e r   is  now  p r e p a r e d   to  a c c e p t  

the   r e a d i n g s   of  head   59  f o r   t he   s e c o n d   p r i n t .   T h i s   i s  

one  of  the   p r i n t s   of  the   n o r m a l   r e f e r e n c e   n e g a t i v e   w h i c h  

was  made  in  b l o c k   84.  T h i s   p r i n t ,   b e c a u s e   i t   is  m a d e  

f rom  a  r e f e r e n c e   n e g a t i v e   a s s u m e d   to  be  c o r r e c t ,   s h o u l d  

g e n e r a t e   t he   same  d e n s i t y   r e a d i n g s   as  t he   r e f e r e n c e  

p r i n t .   The  o p e r a t o r   p l a c e s   t h i s   s e c o n d   p r i n t   u n d e r   t e s t  



p r o b e   59  and  d e p r e s s e s   t he   t r a n s m i t   b u t t o n .   T h i s   c a u s e s  

t he   o u t p u t   of  t e s t   p r o b e   59  to  be  d i r e c t l y   r e a d   b y  

p r i n t e r   s y s t e m   1 0 .  

The  c o r r e s p o n d i n g   r e d ,   g r e e n   and  b l u e   d e n s i t y  

r e a d i n g s   of  the   two  p r i n t s   a r e   t h e n   c o m p a r e d   by  m i c r o -  

p r o c e s s o r   14.  The  d e n s i t y   d i f f e r e n c e   f o r   e a c h   of  t h e  

t h r e e   c o l o r s   is   c a l c u l a t e d .   On  t he   b a s i s   of  t h i s   i n f o r -  

m a t i o n ,   m i c r o p r o c e s s o r   14  c a l c u l a t e s   new  p r i n t   t i m e s   a s  

n e c e s s a r y   f o r   e a c h   of  t he   t h r e e   c o l o r s .   The  f i r s t   s t e p  

in  t h i s   c a l c u l a t i o n   of  the   new  p r i n t   t ime   is  the   d e v e l -  

o p m e n t   of  a  m u l t i p l i c a t i o n   f a c t o r   w h i c h   i s   t h e n   a p p l i e d  

to  t he   o l d   p r i n t   t i m e   f o r   t h e   a p p r o p r i a t e   c o l o r .   T h i s  

m u l t i p l i c a t i o n   f a c t o r   can  be  e x p r e s s e d   as  the   n a t u r a l  

l o g   e  r a i s e d   to  t h e   power   n e g a t i v e   gamma  t i m e s   t h e   d e l t a  

d e n s i t y   w h e r e   gamma  is  the   s t a n d a r d   p r o p o r t i o n a l i t y  

c o n s t a n t   r e l a t e d   to   t he   d e n s i t y   c h a r a c t e r i s t i c s   of  t h e  

p r i n t i n g   p a p e r   b e i n g   e x p o s e d   and  t he   d e l t a   d e n s i t y   is  a  

p r o p o r t i o n a l i t y   c o n s t a n t   r e l a t e d   to  t he   d e n s i t y  

d i f f e r e n c e   b e t w e e n   the   two  p r i n t s   r e a d   by  t e s t   p r o b e   5 9 .  

T h i s   d e n s i t y   d i f f e r e n c e   is  r e l a t e d   to   t h e   d e n s i t y   o f  

t h e   r e f e r e n c e   p r i n t   m inus   t h e   d i f f e r e n c e   of  the   p r i n t  

made  f rom  t h e   n o r m a l   r e f e r e n c e   n e g a t i v e .   EPROM  23  a n d  

RAM  24  c o n t a i n   a l g o r i t h m s   and  d a t a   w h i c h   a l l o w   m i c r o -  

p r o c e s s o r   14  to  make  a  f i r s t   o r d e r   a p p r o x i m a t i o n   of  t h i s  

m u l t i p l i c a t i o n   f a c t o r .   Due  to  t he   f e e d b a c k   m a d e  

p o s s i b l e   by  p r i n t   t e s t   p r o b e   59  c o l o r   p r i n t e r   s y s t e m   10  

d o e s   n o t   r e q u i r e   k n o w l e d g e   of   gamma  or  o t h e r   p a p e r  
c h a r a c t e r i s t i c s .   Any  a p p r o x i m a t i o n s   or   i n c o r r e c t  

a s s u m p t i o n s   a r e   a u t o m a t i c a l l y   c o r r e c t e d   by  i t e r a t i n g  

b l o c k s   84  and  8 6 .  

T h e r e f o r e ,   the   a m o u n t   of  t i m e   b e f o r e   p a d d l e s   3 2 ,  

34  and  36  a r e   moved  i n t o   t he   l i g h t   p a t h   c h a n g e s   a s  

n e c e s s a r y   in  b l o c k   86  in  o r d e r   to   c a u s e   the   d e n s i t y   o f  

the   p r i n t   made  f rom  t he   n c r m a l   r e f e r e n c e   n e g a t i v e   t o  

e q u a l   t h e   d e n s i t y   of  t he   r e f e r e n c e   p r i n t   t h u s   c a u s i n g   a  



p r o p e r   n e g a t i v e   to  p r o d u c e   a  p r o p e r   p r i n t .   T h i s   is  a n  

i t e r a t i v e   l e a r n i n g   p r o c e s s   f o r   p r i n t e r   s y s t e m   10.  I f  

a d j u s t m e n t s   of  p r i n t   t i m e s   were   made  in  b l o c k   86  a  new 

p r i n t   is  made  from  the   n o r m a l   r e f e r e n c e   n e g a t i v e .   B l o c k  

86  i s   t h e n   r e p e a t e d   f o r   t h i s   new  p r i n t   and  t he   c o m p a r -  
i s o n   is   made  b e t w e e n   the   d e n s i t y   r e a d i n g s   of  t h e  

r e f e r e n c e   p r i n t   and  t h i s   new  p r i n t .  

W h i l e   b l o c k   86  c a u s e s   n o r m a l   p r i n t s   to  be  m a d e  

f rom  n o r m a l   n e g a t i v e s ,   b l o c k   88  c a u s e s   n o r m a l   p r i n t s   t o  

be  made  f rom  u n d e r e x p o s e d   and  o v e r e x p o s e d   n e g a t i v e s .   I n  

b l o c k   88  p r i n t s   a r e   made  o f  t h e   f i v e   r e f e r e n c e   n e g a t i v e s  

d e s c r i b e d   in  b l o c k   82.  T h e s e   p r i n t s   a re   p l a c e d   u n d e r  

p r i n t   t e s t   p r o b e   59.  As  e a c h   p r i n t   is  p l a c e d   u n d e r  

p r o b e   59,  t he   o p e r a t o r   p u s h e s   the   t r a n s m i t   b u t t o n  

c a u s i n g   the   p r i n t e r   to  a u t o m a t i c a l l y   r e c e i v e   and  s t o r e  

the   d e n s i t y   of  r e d ,   g r e e n   and  b l u e   l i g h t   in  e a c h   p r i n t .  

M i c r o p r o c e s s o r   14  w i l l   t h e n   r e c a l c u l a t e   r e f e r e n c e   p o i n t s  

60,  64,  72  and  76  by  a p p l y i n g   the   m u l t i p l i c a t i o n   f a c t o r s  

d e v e l o p e d   f rom  the   d e n s i t y   d i f f e r e n c e s .   T h i s   p r o c e s s   i s  

r e p e a t e d   u n t i l   t he   u n d e r e x p o s e d   and  o v e r e x p o s e d   n e g a -  
t i v e s   y i e l d   n o r m a l   p r i n t s .  

R e f e r e n c e   p o i n t s   68  and  64  a r e   t h e n   u sed   t o  

d e t e r m i n e   the   s l o p e   of  s e g m e n t   66  of  F ig .   1B.  Th i s   i s  

t he   s l o p e   c o r r e c t i o n   which   is  u sed   when  t h e   d e n s i t y   of  a 

p r o d u c t i o n   n e g a t i v e   f a l l s   b e t w e e n   the   n o r m a l   d e n s i t y   a n d  

the   o v e r e x p o s e d   d e n s i t y .   Us ing   t h i s   s l o p e   i n f o r m a t i o n ,  

a  c o r r e c t i o n   c h a r a c t e r i s t i c   is  d e v e l o p e d .   D u r i n g   a  

p r o d u c t i o n   r u n ,   i f   a  d e n s i t y   is  d e t e r m i n e d   to  f a l l   i n  

s e g m e n t   66,  the   n o r m a l   p r i n t   t ime   w i l l   be  m u l t i p l i e d   b y  
t h i s   s l o p e   c o r r e c t i o n   f a c t o r .   L i k e w i s e ,   r e f e r e n c e  

p o i n t s   68  and  72  a r e   used   to  d e t e r m i n e   the   s l o p e   c o r r e c -  
t i o n   f a c t o r   f o r   an  u n d e r e x p o s e d   n e g a t i v e .   If   a  p r o d u c -  

t i o n   n e g a t i v e   is  d e t e r m i n e d   to  h a v e  a   d e n s i t y   in  s e g m e n t  

70  a  c o r r e c t i o n   f a c t o r   d e t e r m i n e d   by  t h i s   s l o p e   w i l l   b e  

a p p l i e d   to  t he   p r i n t   t i m e s   of  t h a t   n e g a t i v e .   S i m i l a r l y ,  



s l o p e   c o r r e c t i o n   f a c t o r s   d e v e l o p e d   f o r   s e g m e n t   62  a r e  

d e v e l o p e d   u s i n g   r e f e r e n c e   p o i n t s   64  and  60  and  f o r  

s e g m e n t   74  u s i n g   r e f e r e n c e   p o i n t s   72  and  76.   By  a d j u s t -  

ing   t h e   r e f e r e n c e   p o i n t s ,   t h e s e   i n t e r n a l   f a c t o r s   o r  

c o n s t a n t s   of   t he   c o n t r o l   a l g o r i t h m   have   been  a u t o m a t i -  

c a l l y   a d j u s t e d   in  s u c h   a  way  as  to  c a u s e   n o r m a l   p r i n t s  

to  r e s u l t   f rom  u n d e r e x p o s e d   and  o v e r e x p o s e d   n e g a t i v e s  

w i t h o u t   any  i n t u i t i v e   j u d g e m e n t   or  a d j u s t m e n t   by  t h e  

o p e r a t o r .   The  o b j e c t i v e   i s ,   of  c o u r s e ,   to  c a u s e   t h e  

d e n s i t y   of  t he   p r i n t s   made  f rom  a l l   of  t h e s e   n e g a t i v e s  

to  be  e q u a l   to  t he   d e n s i t y   of  t he   r e f e r e n c e   p r i n t .  

G e n e r a l   D e s c r i p t i o n   of   t he   P r i n t   C y c l e  

F i g .   2B  shows  a  f low  c h a r t   of  the   p r i n t   c y c l e .  
T h i s   c y c l e   is  e x e c u t e d   when  a  n e g a t i v e   46  is  p l a c e d   u p o n  

n e g a t i v e   h o l d e r   48  in  o r d e r   to  make  a  p r i n t .   If  t h e r e  

is  a  m a n u a l   o v e r r i d e ,   as  d e t e r m i n e d   in  d i a m o n d   9 0 ,  

e x e c u t i o n   p r o c e e d s   d i r e c t l y   to  t he   d e n s i t y   c o r r e c t i o n   o f  

b l o c k   112 .   O t h e r w i s e   the   o p e r a t o r   may  r e a d   the   a m b i e n t  

l i g h t   o f f s e t   to  c o m p e n s a t e   f o r   c h a n g e s   in  a m b i e n t   l i g h t  
in  b l o c k   92.  T h i s   p r o c e d u r e   is  the   same  as  d e s c r i b e d   i n  

b l o c k   80  of  F i g .   2A.  D u r i n g   n o r m a l   p r o d u c t i o n   p r i n t s  

t h e r e   w i l l   be  n o r m a l   l i g h t i n g   a r o u n d   the   m a c h i n e .   T h i s  

n o r m a l   l i g h t i n g   may  c h a n g e   f rom  day  to  day  or   a t   d i f f e r -  

e n t   t i m e s   d u r i n g   the   d a y .   T h u s ,   t he   o p e r a t o r   may  r e -  

q u e s t   new  o f f s e t s   to  be  c a l c u l a t e d   as  o f t e n   as  d e s i r e d .  

T h i s   r e q u e s t   is  e n t e r e d   u s i n g   k e y b o a r d   18.  The  a m o u n t  

of  o f f s e t   c a l c u l a t e d   w i l l   be  s u b t r a c t e d   f rom  the   s u b -  

s e q u e n t   p h o t o c e l l   r e a d i n g s   in  o r d e r   to  c o m p e n s a t e   f o r  

t h e   a m b i e n t   l i g h t .  

In  b l o c k   94,  t he   i l l u m i n a t i o n   s o u r c e   in  l a m p -  

h o u s i n g   50  i s   a c t i v a t e d   and  t he   r e d ,   g r e e n   and  b l u e   A / D  

v a l u e s   a r e   r e a d   f rom  p h o t o c e l l s   5 2 a - c   u s i n g   c o l o r  

p r i n t e r   58  of  F i g .   lA.   The  l i n e a r   p r i n t   t i m e s   f o r   e a c h  

c o l o r   a r e   d e t e r m i n e d   b a s e d   p r i m a r i l y   on  t h e s e   v a l u e s .  



The  l i n e a r   p r i n t   t i m e s   c a l c u l a t e d   a r e   the   n o r m a l   r e f e r -  

e n c e   p r i n t   t i m e s   d e v e l o p e d   in  the   b a l a n c i n g   p r o c e d u r e  

a d j u s t e d   by  a  s e r i e s   of  c o r r e c t i o n   f a c t o r s   as  n e c e s s a r y .  
T h e s e   c o r r e c t i o n s   i n c l u d e   l i g h t   i n t e n s i t y   r a t i o s ,   a  

m a s t e r   c o r r e c t i o n ,   t u n g s t e n ,   f l u o r e s c e n t ,   and  a  s l o p e  
c o r r e c t i o n .  

The  l i g h t   r a t i o s   a r e   d e t e r m i n e d   s e p a r a t e l y   f o r  

each   of  the   p r i m a r y   c o l o r s   r e d ,   g r e e n   and  b l u e .   T h e  

r a t i o   f o r   t he   red   l i g h t   is  the   r a t i o   of  the   A/D  o u t p u t  
of  red   p h o t o c e l l   52a  t a k e n   in  b l o c k   94  to  t h e   A/D  r e a d -  

ing  o b t a i n e d   f rom  p h o t o c e l l   52a  when  the   n o r m a l   r e f e r -  

ence   n e g a t i v e   was  r e a d   in  b l o c k   82  of  the   b a l a n c i n g  

p r o c e d u r e .   T h i s   r a t i o   w i l l   be  m u l t i p l i e d   by  t he   n o r m a l  

red   p r i n t   t ime   in  o r d e r   to  g e t   the   l i n e a r   c o m p o n e n t   o f  

the   p r i n t   t ime   c o r r e c t i o n .   S i m i l a r l y ,   r a t i o s   w i l l   b e  

d e v e l o p e d   f o r   g r e e n   and  b l u e   p r i n t   t i m e s .  

B l o c k   96  shows   the   m a s t e r   c o r r e c t i o n   f a c t o r .  

T h i s   c o r r e c t i o n   f a c t o r   t a k e s   i n t o   a c c o u n t   e v e r y t h i n g   i n  

c o l o r   p r i n t e r   s y s t e m   10  f rom  the   l i g h t   s o u r c e   t h r o u g h  

t he   d e n s i t o m e t e r   r e a d i n g   of  the   p r i n t .   I t   c o m p e n s a t e s  

f o r   s u c h   t h i n g s   as  t he   a g i n g   of  t he   l amp,   c h e m i s t r y  

c h a n g e s   and  d u s t .   The  o p e r a t o r   may  r e q u e s t   t h a t   a 

m a s t e r   c o r r e c t i o n   f a c t o r   be  c a l c u l a t e d   as  n e c e s s a r y  

u s i n g   k e y b o a r d   18.  If  some  n e g a t i v e s   a re   p r i n t e d  

c o r r e c t l y   and  o t h e r s   a r e   n o t ,   the   o p e r a t o r   w i l l   p e r f o r m  

the   b a l a n c i n g   p r o c e d u r e   in  F i g .   2A.  H o w e v e r ,   i f   t h e r e  

is   a  s y s t e m a t i c   p r o b l e m   w h i c h   a p p e a r s   in  a l l   p r i n t s   t h e  

o p e r a t o r   w i l l   r e q u e s t   a  c a l c u l a t i o n   of  the   m a s t e r  

c o r r e c t i o n   f a c t o r .   The  r e s u l t   is  s t o r e d   in  memory  a n d  

when  b l o c k   96  is  e x e c u t e d   i t   is  m u l t i p l i e d   by  the   l i n e a r  

p r i n t   t i m e s .  

In  t he   n e x t   s t e p ,   b l o c k   98,  c o l o r   p r e d o m i n a n c e  

is  c o r r e c t e d   u s i n g   i n t e g r a t i o n   to  g r a y .   In  t h i s   m e t h o d  

t he   a s s u m p t i o n   is  made  t h a t   a l l   n o r m a l l y   e x p o s e d   n e g a -  



t i v e s   w i l l   have   the   same  a m o u n t   o f   r e d ,   g r e e n   and  b l u e  

as  t h e   r e f e r e n c e   n e g a t i v e .   T h u s ,   i f   the   d i f f e r e n c e  

b e t w e e n   t he   A/D  r e a d i n g s   of  b l o c k   94  and  t h o s e   s t o r e d  
f o r   t h e   n o r m a l   r e f e r e n c e   n e g a t i v e   is  above   a  c e r t a i n  

l i m i t ,   a  c o l o r   p r e d o m i n a n c e   is  d e t : e c t e d .   To  make  t h e  
c o r r e c t i o n   f o r   t h i s   c o l o r   p r e d o m i n a n c e   the   l i g h t   r a t i o s  

d e v e l o p e d   in  b l o c k   94  a r e   m u l t i p l i e d   by  the   r e f e r e n c e  

p r i n t   t i m e s .  

A  p r e d o m i n a n c e   of   y e l l o w   may  be  due  to  t he   u s e  

of   a  t u n g s t e n   f i l a m e n t   l i g h t b u l b .   If   s u c h   a  y e l l o w  

p r e d o m i n a n c e   is   d e t e c t e d   the   p r i n t e r   w i l l   i n q u i r e   of  t h e  

o p e r a t o r ,   u s i n g   d i s p l a y   16,  w h e t h e r   a  t u n g s t e n   c o r r e c -  

t i o n   s h o u l d   be  p e r f o r m e d   as  r e p r e s e n t e d   in  d i a m o n d   1 0 0 .  

By  v i s u a l   i n s p e c t i o n   of   n e g a t i v e   46 ,   t he   o p e r a t o r   c a n  

d e t e r m i n e   w h e t h e r   t he   p r e d o m i n a n c e   d e t e c t e d   is   due  t o  

t u n g s t e n   or   some  o t h e r   f a c t o r .   If   t h e   p r e d o m i n a n c e   i s  

due  to  t u n g s t e n ,   t h e   o p e r a t o r   w i l l   e n t e r   y e s ,   u s i n g  

k e y b o a r d   18,   and  a  s p e c i a l   t u n g s t e n   c o r r e c t i o n   w i l l   b e  

e x e c u t e d   in  b l o c k   102.   T h i s   c o r r e c t i o n   is   a  f i x e d  

a m o u n t   t h a t   has   b e e n   e m p i r i c a l l y   d e t e r m i n e d   to  b e  

a p p r o p r i a t e   f o r   a  t u n g s t e n   f i l a m e n t   l i g h t b u l b   w h i c h   i s  

a d d e d   to   t he   a d j u s t e d   n o r m a l   r e f e r e n c e   p r i n t   t i m e .  

S i m i l a r l y ,   a  p r e d o m i n a n c e   of  b l u e / g r e e n   may  b e  

due  to   f l u o r e s c e n t   l i g h t .   As  in  the   c a s e   of  the   y e l l o w  

p r e d o m i n a n c e   f o r   t h e   t u n g s t e n   c o r r e c t i o n ,   c o l o r   p r i n t e r  

s y s t e m   10  w i l l   i n q u i r e   of  t h e   o p e r a t o r   w h e t h e r   a  f l u o r -  

e s c e n t   c o r r e c t i o n   s h o u l d   be  made  in  d i a m o n d   104  w h e n  

s u c h   a  p r e d o m i n a n c e   of  b l u e   is  d e t e c t e d .   If   t h e  

o p e r a t o r   r e s p o n s e   is  yes   t h e   f l u o r e s c e n t   c o r r e c t i o n   o f  

b l o c k   106  is   e x e c u t e d .   A g a i n ,   a  f i x e d   e m p i r i c a l l y  

d e t e r m i n e d   c o r r e c t i o n   is  a d d e d   to  t he   a d j u s t e d   n o r m a l  

r e f e r e n c e   p r i n t   t i m e .  

In  b l o c k   110  the   n o n - l i n e a r   p o r t i o n   of  t h e  

d e n s i t y   c o r r e c t i o n   is   p e r f o r m e d .   When  t he   l i g h t   i n  

l a m p h o u s e   50  is  t r a n s m i t t e d   t h r o u g h   n e g a t i v e   46  of  F i g .  



lA,  p r i n t e r   s y s t e m   10  can  d e t e r m i n e   the   a m o u n t   of   l i g h t  
t r a n s m i t t e d   by  i n t e g r a t i n g   t he   o u t p u t   of  the   p h o t o c e l l s  

5 2 a - c .   I f   t o o   l i t t l e   l i g h t   is  t r a n s m i t t e d   by  the   n e g a -  

t i v e ,   t h e   p a p e r   m u s t   be  e x p o s e d   l o n g e r .   To  t he   f i r s t  

a p p r o x i m a t i o n   t h e r e   is  a  l i n e a r   r e l a t i o n s h i p   b e t w e e n  

d e n s i t y   and  t i m e .   For  e x a m p l e ,   i f   t h e r e   is  50%  t o o   m u c h  

l i g h t   t r a n s m i t t e d   t he   p a p e r   s h o u l d   be  e x p o s e d   50% 

s h o r t e r .   T h i s   is   t he   c o r r e c t i o n   made  in  b l o c k   98  u s i n g  
the   r a t i o s   of  b l o c k   9 4 .  

H o w e v e r ,   t h i s   r e l a t i o n s h i p   is  no t   e x a c t l y  

l i n e a r .   T h e r e f o r e   a  s l o p e   c o r r e c t i o n   must   be  m a d e .  

T h i s   c o r r e c t i o n   is  made  in  b l o c k   110.   The  s l o p e   c o r r e c -  

t i o n   u s e d   is  an  a p p l i c a t i o n   of  one  of  the   c o n s t a n t s  

a d j u s t e d   in  b l o c k   88  of  F i g .   2A.  The  a p p r o p r i a t e  

c o n s t a n t   w i l l   be  s e l e c t e d   by  d e t e r m i n i n g   wh ich   s e g m e n t  
of  F ig .   1B  is  a p p l i c a b l e .  

The  o p e r a t o r   of  c o l o r   p r i n t e r   s y s t e m   10  m a y  

v i s u a l l y   d e t e c t   t h a t   a  r o l l  o f   f i l m   or  a  p a r t i c u l a r  

n e g a t i v e   has  an  i m p r o p e r   c o l o r .   Th i s   may  be  due  to  s u c h  

t h i n g s   as  s t o r i n g   the   f i l m   o u t s i d e   i t s   t e m p e r a t u r e   r a n g e  
f o r   a  l o n g   p e r i o d   of  t i m e .   When  t h i s   is  d e t e c t e d ,   t h e  

o p e r a t o r   may  r e q u e s t   a p p r o p r i a t e   c o l o r   c o r r e c t i o n s   u s i n g  

k e y b o a r d   18.  In  b l o c k   112  c o l o r   p r i n t e r   s y s t e m   10  w i l l  

d e t e r m i n e   i f   any  s u c h   r e q u e s t s   have   been   made  and  i f   s o  

make  the   r e q u e s t e d   c o r r e c t i o n s .   If  t h e r e   is  a  m a n u a l  

o v e r r i d e ,   as  d e t e r m i n e d   in  d i a m o n d   90,  e x e c u t i o n   w i l l  

p r o c e e d   d i r e c t l y   to  t h i s   b l o c k .  

At  t h i s   p o i n t ,   a l l   of  t he   a p p r o p r i a t e   c o r r e c -  

t i o n s   have   been   made  to   t h e   p r i n t   t i m e s .   In  b l o c k   1 1 4  

m i c r o p r o c e s s o r   14  o p e n s   d a r k   s h u t t e r   38,  a c t i v a t e s   t h e  

i l l u m i n a t i o n   s o u r c e   in  l a m p h o u s i n g   50,  a c t i v a t e s   p a d d l e s  

32,  34  and  36  when  a p p r o p r i a t e ,   and  c l o s e s   d a r k   s h u t t e r  

38.   P a p e r   t r a n s p o r t   56  is  t h e n   a c t i v a t e d   by  m i c r o -  

p r o c e s s o r   14.  T h i s   c a u s e s   t he   p a p e r   to  be  a d v a n c e d   a n d  

c u t .   The  e x p o s u r e   t i m e s   a r e   d i s p l a y e d   u s i n g   d i s p l a y   1 6 .  



D e t a i l e d   D e s c r i p t i o n   of  S e t u p   P r o c e d u r e  

F i g s .   3A  and  3B  show  a  f l o w   c h a r t   d e s c r i p t i o n  

of  t he   i n i t i a l   s e t u p   p r o c e d u r e .   T h i s   p r o c e d u r e   is  r u n  

when  t he   m a c h i n e   is   f i r s t   i n s t a l l e d   and  f rom  t ime   t o  

t i m e   t h e r e a f t e r   as  d e s i r e d .   The  b a l a n c i n g   p r o c e d u r e  

d e s c r i b e d   in  F i g .   2A  is   a  s u b s e t   of  t h i s   p r o c e d u r e   a n d  

an  e x p a n d e d   d e s c r i p t i o n   of  i t   is  a l s o   shown  in  F i g s .   3A 

and  3 B .  

The  f i r s t   s t e p   in  t h i s   i n i t i a l   s e t u p   p r o c e d u r e  
is   an  a d j u s t m e n t   of   t he   g a i n s   of  o p e r a t i o n a l   a m p l i f i e r s  

4 0 a - c   of  F i g .   lA.   T h i s   s t e p   is  shown  in  b l o c k s   116  a n d  

118 .   T h e s e   o p e r a t i o n a l   a m p l i f i e r s   a m p l i f y   the   o u t p u t   o f  

p h o t o c e l l s   5 2 a - c   and  a p p l y   t h i s   a m p l i f i e d   o u t p u t   to  A / D  

c o n v e r t e r   44  by  means   of  m u l t i p l e x e r   42.  T h e s e   g a i n s  

a r e   a d j u s t e d   by  means   of  t h r e e   p o t e n t i o m e t e r s .   T h e  

p r i m a r y   o b j e c t i v e   of  t h e s e   a d j u s t m e n t s   is  to  p r e v e n t  

o p e r a t i o n   of  A/D  c o n v e r t e r   44  f rom  a p p r o a c h i n g   i t s  

s a t u r a t i o n   r a n g e .   A n o t h e r   o b j e c t i v e   is  to  a c h i e v e   e q u a l  

o u t p u t s   f rom  t h e   t h r e e   p h o t o c e l l s   as  a p p l i e d   to  A / D  

c o n v e r t e r   44  by  m u l t i p l e x e r   42.  I t   is   i m p o r t a n t   to  b e  

a p p r o x i m a t e l y   in  t he   m i d d l e   of  t h e   o p e r a t i n g   r a n g e   o f  

t he   A/D  c o n v e r t e r   and  to  have   e q u a l   r e d ,   g r e e n   and  b l u e  

o u t p u t s   b e c a u s e   t h i s   is   t he   i n f o r m a t i o n   upon  w h i c h   a l l  

c o n t r o l   i s   b a s e d .   To  make  the   a d j u s t m e n t   in  b l o c k   1 1 6  

t h e   i l l u m i n a t i o n   s o u r c e   in  l a m p h o u s e   50  is   a c t i v a t e d .  

M i c r o p r o c e s s o r   14  r e a d s   A/D  c o n v e r t e r   44  and  d i s p l a y s  

t h e s e   v a l u e s   to  t h e   o p e r a t o r   on  d i s p l a y   16.   T h e  

o p e r a t o r   w i l l   a d j u s t   t he   p o t e n t i o m e t e r s   u n t i l   e q u a l  

o u t p u t   a t   t he   o p t i m u m   p o i n t   of  t h e   o p e r a t i o n a l   r a n g e  
of  A/D  c o n v e r t e r   44  i s   a c h i e v e d .  

F u r t h e r   a d j u s t m e n t   of  the   p h o t o c e l l   o u t p u t   i s  

made  in  b l o c k   118.   In  t h i s   a d j u s t m e n t   the  i l l u m i n a t i o n  

s o u r c e   in  l a m p h o u s e   50  is  d e a c t i v a t e d   and  the   o f f s e t s   o f  

the   o p e r a t i o n a l   a m p l i f i e r s   a r e   a d j u s t e d   to  a s s u r e   a  



p r o p e r   b a s e   l i n e s .   T h e s e   b a s e   l i n e   a d j u s t m e n t s   a r e   a l s o  

made  u s i n g   t h r e e   p o t e n t i o m e t e r s .   Once  the   s y s t e m   is  t h u s  

a s s u r e d   of  r e l i a b l e   r e a d i n g s   of  t he   n e g a t i v e s   t h e  

b a l a n c i n g   p r o c e d u r e s   can  be  b e g u n .   A  d e t a i l e d   d e s c r i p -  

t i o n   of  t h i s   p r o c e d u r e   b e g i n s   a t   b l o c k   7 8 .  

In  b l o c k   80  the   a m b i e n t   l i g h t   o f f s e t   r e a d i n g s  

a r e   t a k e n .   S i n c e   t h i s   b a l a n c i n g   p r o c e d u r e   is  done  i n  

minimum  l i g h t   c o n d i t i o n s ,   t h a t   is  the   l i g h t i n g   a r o u n d  

t he   p r i n t e r   is  t u r n e d   o f f ,   t h i s   o f f s e t   w i l l   b e  s m a l l .  

The  amoun t   of  l i g h t   l e a k i n g   i n t o   the   p r i n t e r   a n d  

s t r i k i n g   t he   p h o t o c e l l s   w i l l   be  s t o r e d   in  o r d e r   to  b e  

s u b t r a c t e d   f rom  f u t u r e   p h o t o c e l l   r e a d i n g s .  

B l o c k   82  shows  a  r e a d i n g   of  the   f i v e   r e f e r e n c e  

n e g a t i v e s .   T h e s e   f i v e   r e f e r e n c e   n e g a t i v e s   a r e   t h e  

n o r m a l   r e f e r e n c e ,   t he   o v e r e x p o s e d   r e f e r e n c e ,   the   u n d e r -  

e x p o s e d   r e f e r e n c e ,   t h e   e x t r e m e l y   o v e r e x p o s e d ,   and  t h e  

e x t r e m e l y   u n d e r e x p o s e d .   The  o v e r e x p o s e d   and  the   u n d e r -  

e x p o s e d   n e g a t i v e s   a r e   i n c o r r e c t   by  a p p r o x i m a t e l y   t w o  

f - s t o p s .  

When  the   i l l u m i n a t i o n   s o u r c e   of  l a m p h o u s e   50  o f  

F i g .  1 A   is   t r a n s m i t t e d   t h r o u g h   n e g a t i v e   46,  t h r e e  

r e a d i n g s   a r e   t a k e n   by  p h o t o c e l l s   5 2 a - c ,   one  f o r   r e d ,   o n e  

f o r   g r e e n   and  one  f o r   b l u e .   T h e s e   f i f t e e n   r e a d i n g s   a r e  

u s e d   to  d e t e r m i n e   r e f e r e n c e   p o i n t s   60,  64,  68,  72  and  76  

of  the   f o u r   s e g m e n t   s l o p e   of  F i g .   1B.  They  a r e   e n t e r e d  

i n t o   the   d a t a   b a s e   s t o r e d   in  RAM  24  f o r   the   a p p r o p r i a t e  

s e t u p .  

Each  d i f f e r e n t   t y p e   of  p a p e r ,   s i z e   of  p a p e r   a n d  

f i l m   s p e e d   r e q u i r e s   i t s   own  g r o u p   of  d a t a   i t e m s   c a l l e d   a 

s e t u p .   T h e r e   a r e   t h u s   many  d i f f e r e n t   s e t u p s .   E a c h  

s e t u p   c o n t a i n s   a p p r o x i m a t e l y   52  d a t a   i t e m s .   T h e s e   5 2  

i n t e r n a l   v a l u e s   i n c l u d e   the   i n i t i a l   v a l u e s   of  r e f e r e n c e  

p r i n t   t ime  and  s l o p e   c o r r e c t i o n   f a c t o r s .   When  a  p r i n t  



is  to  be  made  the   o p e r a t o r   r e q u e s t s ,   from  c a s s e t t e   d r i v e  

28,  t he   s e t u p   w h i c h   is  a p p r o p r i a t e   to  the   g i v e n   r e -  

q u i r e m e n t s .   The  d a t a   i t e m s   in  t h i s   s e t u p   a r e   t h e n  

s t o r e d   in  RAM  24.   T h e s e   i n t e r n a l   v a l u e s   a r e   t h e n   u s e d  

to  o b t a i n   t h e   p r o p e r   p r i n t s   f o r   t h a t   p r i n t i n g   s e s s i o n .  

D u r i n g   t he   b a l a n c i n g   p r o c e d u r e   t h e s e   d a t a   i t e m s   a r e  
m o d i f i e d .   T h i s   p r o c e d u r e   is  p e r f o r m e d   as  n e c e s s a r y   f o r  

a  g i v e n   s e t u p   w h e n e v e r   i t   a p p e a r s   to  the  o p e r a t o r   t h a t  

p r i n t s   made  u s i n g   t h a t   s e t u p   a r e   no t   c o r r e c t .  

The  f o r m a t   of   a  d a t a   b a s e   s e t u p   is   shown  i n  

T a b l e   1.  The  t h r e e   r e a d i n g s   t a k e n   f o r   the   n o r m a l  

r e f e r e n c e   in  b l o c k   82  can  be  s e e n   a t   d a t a   44,  d a t a   4 5 ,  

and  d a t a   46.   T h e s e   d a t a   i t e m s   a r e   the  A/D  r e a d i n g s   o f  

r e f e r e n c e   n e g a t i v e   o b t a i n e d   f rom  red  p h o t o c e l l   5 2 a ,  

g r e e n   p h o t o c e l l   52b ,   and  b l u e   p h o t o c e l l   53c  r e s p e c t i v e -  

l y .   S i m i l a r l y ,   t h e   t h r e e   r e a d i n g s   fo r   t he   o v e r e x p o s e d  

r e f e r e n c e   n e g a t i v e   can   be  s e e n   a t   d a t a   47,  48  and  4 9 ,  

and  the   t h r e e   r e a d i n g s   f o r   the   o v e r e x p o s e d   r e f e r e n c e  

n e g a t i v e   can  be  s e e n   a t   d a t a   50,  51  and  5 2 .  

Each  of  t h e   r e a d i n g s   r e p r e s e n t s   a  r e f e r e n c e  

p o i n t   on  one  of  t he   t h r e e   d i f f e r e n t   f o u r   s e g m e n t   s l o p e s ,  

an  e x a m p l e   of  w h i c h   is  r e p r e s e n t e d   in  F ig .   1B.  F ig .   1B 

shows   a  g r a p h   of  t h e   n o n - l i n e a r   p r i n t   t ime   v e r s u s  

d e n s i t y   s l o p e .   Each  of  t he   t h r e e   p r i m a r y   c o l o r s   w i l l  

have   i t s   own  i n d e p e n d e n t   g r a p h .  

Thus  in  b l o c k   82,  m i c r o p r o c e s s o r   14  u s e s   a l g o -  

r i t h m s   c o n t a i n e d   in  EPROM  23  to  d e t e r m i n e   i n i t i a l   v a l u e s  

f o r   the   r e f e r e n c e   p o i n t s   shown  in  F i g .   lE.   A f t e r   s o m e  
a d j u s t m e n t s ,   t h e s e   r e f e r e n c e   p o i n t s   w i l l   d e t e r m i n e   t h e  

s l o p e s   w h i c h   e s t a b l i s h   t he   a d j u s t e d   p r i n t   t i m e   s i g n a l s  

n e c e s s a r y   to  c o r r e c t   u n d e r e x p o s e d   and  o v e r e x p o s e d   p r i n t s  

d u r i n g   p r o d u c t i o n   r u n s .   I t   can  be  s e e n   in  F i g .   1B  t h a t  

t h e   p r i n t   t i m e   v e r s u s   d e n s i t y   is  n o n - l i n e a r .   I t   i s  

t h e r e f o r e   a p p r o x i m a t e d   u s i n g   f o u r   s e g m e n t s .   T h e s e  



s e g m e n t s  a r e :   s e g m e n t   74  w h i c h   is   used   to  c o r r e c t  

e x t r e m e l y   u n d e r e x p o s e d   n e g a t i v e s ,   s e g m e n t   70  w h i c h   i s  

used   to  c o r r e c t   u n d e r e x p o s e d   r e f e r e n c e   n e g a t i v e s ,   s e g -  

ment   66  w h i c h   is  u s e d   to  c o r r e c t   o v e r e x p o s e d   r e f e r e n c e  

n e g a t i v e s ,   and  s e g m e n t   62  w h i c h   is  used   to  c o r r e c t  

e x t r e m e l y   o v e r e x p o s e d   n e g a t i v e s .   T h e s e   s e g m e n t s   a r e  

d e f i n e d   by  t h e   f i v e   r e f e r e n c e   p o i n t s   shown,   each   o f  

wh ich   is  o b t a i n e d   f rom  one  of  t he   r e a d i n g s   of  e ach   o f  

the   f i v e   r e f e r e n c e   n e g a t i v e s   made  in  b l o c k   8 2 .  

R e f e r e n c e   p o i n t   68  in  t he   c e n t e r   is  t he   r e f e r e n c e   p o i n t  

a s s o c i a t e d   w i t h   t he   s t a n d a r d   n o r m a l   r e f e r e n c e   n e g a t i v e .  

T h i s   is  t he   n e g a t i v e   w h i c h   is  d e f i n e d   to  be  c o r r e c t .  

R e f e r e n c e   p o i n t   72  is  the   r e f e r e n c e   p o i n t   a s s o c i a t e d  

w i t h   the   r e a d i n g s   t a k e n   of  t he   u n d e r e x p o s e d   r e f e r e n c e  

n e g a t i v e .   R e f e r e n c e   p o i n t   64  is  t he   r e f e r e n c e   p o i n t  

a s s o c i a t e d   w i t h   the   o v e r e x p o s e d   r e f e r e n c e   n e g a t i v e .  

R e f e r e n c e   p o i n t   76  is  a s s o c i a t e d   w i t h   the  e x t r e m e l y  

u n d e r e x p o s e d   n e g a t i v e ,   and  r e f e r e n c e   p o i n t   60  i s  

a s s o c i a t e d   w i t h   the   e x t r e m e l y   o v e r e x p o s e d   n e g a t i v e .   By 

b r e a k i n g   t h e  g r a p h   of  d e n s i t y   v e r s u s   t ime   i n t o   f o u r  

s e g m e n t s ,   i t   is  p o s s i b l e   to  p r i n t   n e g a t i v e s   o v e r   a  w i d e  

e x p o s u r e   r a n g e   more  a c c u r a t e l y .   F u r t h e r m o r e ,   i t   i s  

p o s s i b l e   to  do  t h i s   w i t h o u t   r e q u i r i n g   the  e x p e r t i s e   o r  
j u d g e m e n t   of  t h e   o p e r a t o r .   C o l o r   p r i n t e r   s y s t e m   10  c a n  

m e r e l y   d e t e r m i n e   in  w h i c h   of  the   f o u r   r e g i o n s   t h e  

p r o d u c t i o n   n e g a t i v e   f a l l s   and  make  the   p r o p e r   a d j u s t -  

m e n t s   a u t o m a t i c a l l y .  

In  b l o c k   84  t h r e e   p r i n t s   of  t he   n o r m a l   r e f e r e n c e  

n e g a t i v e   a r e   made.   One  of  t h e s e   p r i n t s   w i l l   be  u s e d   f o r  

c o m p a r i s o n   w i t h   t he   r e f e r e n c e   p r i n t   b e l o w .   These   t h r e e  

p r i n t s   a r e   c h e c k e d   v i s u a l l y   by  t h e   o p e r a t o r   f o r   c o n s i s -  

t e n c y   of  d e n s i t y   and  c o l o r   b a l a n c e .   A d d i t i o n a l l y ,   t h e  

o p e r a t o r   w i l l   c h e c k   t he   p r i n t   t i m e s   f o r   e a c h   of  t h e  

t h r e e   c o l o r s ,   r e d ,   b l u e   and  g r e e n .   The  p r i n t   t i m e s   u s e d  

w i l l   be  d i s p l a y e d   by  the   p r i n t e r   on  d i s p l a y   16.  S i n c e  

t h i s   p r o c e d u r e   is  done   u n d e r   m i n i m a l   l i g h t   c o n d i t i o n s ,  



t he   t h r e e   p r i n t   t i m e s   d i s p l a y e d   s h o u l d   be  w i t h i n   one  A / D  

c o u n t   of  t he   p r i n t   t i m e s   s t o r e d   in  t he   d a t a   b a s e .   I f  

e i t h e r   of  t h e s e   c o n d i t i o n s   a r e   no t   met  the   o p e r a t o r   m u s t  

r e s t a r t   t he   b a l a n c i n g   p r o c e d u r e .  

The  s t e p s   d e f i n e d   g e n e r a l l y   by  d o t t e d   l i n e   8 6 ,  

c o n t a i n i n g   b l o c k s   119,   120,   122 ,   124  and  d i a m o n d   126  a r e  

an  e x p a n d e d   v iew  of  b l o c k   86  of  F i g .   2A.  The  f i r s t   o f  

t h e s e ,   b l o c k   119,   shows  the  p r i n t   d e n s i t y   r e a d i n g s  

n e c e s s a r y   f o r   c a l c u l a t i n g   the   c o r r e c t i o n s   which   must   b e  

a p p l i e d   to  t he   r e f e r e n c e   p o i n t s   and  the   p r i n t   t i m e s   i n  

t he   d a t a   b a s e   in  o r d e r   to  r e b a l a n c e   the   s e t   up.  T h i s   i s  

an  i t e r a t i v e   p r o c e s s .   One  of  t he   r e a s o n s   t h a t   an  i t e r a -  

t i v e   p r o c e s s   is   u s e d   to  c a u s e   t h e s e   p a r a m e t e r s   t o  

a p p r o a c h   t h e i r   c o r r e c t   v a l u e s   is  the   p o s s i b i l i t y   t h a t  

t h e s e   c o r r e c t i o n s   w i l l   o v e r s h o o t .   T h i s   is   one  of  t h e  

r e a s o n s   t h a t   a  g r e a t   d e a l   of  i n t u i t i o n   and  e x p e r i e n c e d  

j u d g e m e n t   is   r e q u i r e d   to  m a n u a l l y   c o r r e c t   c o l o r   i m -  

b a l a n c e .   To  make  the   f i r s t   s e t   of  p r i n t   t e s t   p r o b e  

r e a d i n g s   t he   o p e r a t o r   p l a c e s   t he   s t a n d a r d   r e f e r e n c e  

p r i n t   u n d e r   p r i n t   t e s t   p r o b e   59  and  r e d ,   g r e e n   and  b l u e  

d e n s i t i e s   of   t he   r e f e r e n c e   p r i n t   a r e   a u t o m a t i c a l l y  

c o m m u n i c a t e d   to  m i c r o p r o c e s s o r   14  by  a  means  of  m u l t i -  

p l e x e r   42  and  A/D  c o n v e r t e r   44.  The  same  is  done  f o r  

one  of  t he   p r i n t s   made  from  the   n o r m a l   r e f e r e n c e  

n e g a t i v e   in  b l o c k   8 4 .  

The  n e x t   s t e p ,   shown  in  b l o c k   120,   is  the   d e t e r -  

m i n a t i o n   of  a  c o r r e c t i o n   f a c t o r   b a s e d   upon  the   d i f f e r -  

e n c e   b e t w e e n   the   d e n s i t y   r e a d i n g s   of  the   r e f e r e n c e   p r i n t  

and  one  of  t he   p r i n t   made  f rom  t he   n o r m a l   r e f e r e n c e  

n e g a t i v e   in  b l o c k   84  f o r   e ach   of  t he   t h r e e   p r i m a r y  

c o l o r s .   In  t h i s   s t e p ,   m i c r o p r o c e s s o r   14  w i l l   c a l c u l a t e  

the   d e n s i t y   d i f f e r e n c e   b e t w e e n   the   two  p r i n t s   by  s u b -  

t r a c t i n g   t he   d e n s i t y   of  the   p r i n t   of  t he   n o r m a l   r e f e r -  

e n c e   n e g a t i v e   f rom  t h e   d e n s i t y   of  t he   r e f e r e n c e   p r i n t  

f o r   e a c h   c o l o r .   T h i s   m u l t i p l i c a t i o n   f a c t o r   can  b e  



e x p r e s s e d   as  the  n a t u r a l   log  b a s e   e  r a i s e d   to  the   p o w e r  

n e g a t i v e   gamma  t i m e s   the   d e l t a   d e n s i t y   where   gamma  i s  

the   s t a n d a r d   p r o p o r t i o n a l i t y   c o n s t a n t   r e l a t e d   to  t h e  

d e n s i t y   c h a r a c t e r i s t i c s   of  t he   p r i n t i n g   p a p e r   b e i n g  

e x p o s e d   and  the   d e l t a   d e n s i t y   is  a  p r o p o r t i o n a l i t y  

c o n s t a n t   r e l a t e d   to  the   d e n s i t y   d i f f e r e n c e   b e t w e e n   t h e  

two  p r i n t s   r e a d   by  t e s t   p r o b e   59.  T h i s   d e n s i t y   d i f f e r -  

e n c e   is   r e l a t e d   to  the   d e n s i t y   of  t he   r e f e r e n c e   p r i n t  

m i n u s   t h e   d e n s i t y   of  t he   p r i n t   made  from  the   n o r m a l  

r e f e r e n c e   n e g a t i v e .   EPROM  23  and  RAM  24  c o n t a i n   a l g o -  

r i t h m s   and  d a t a   w h i c h   a l l o w   m i c r o p r o c e s s o r   14  to  make  a  
f i r s t   o r d e r   a p p r o x i m a t i o n   of  t h i s   m u l t i p l i c a t i o n   f a c t o r .  

Due  to  t he   f e e d b a c k   made  p o s s i b l e   by  p r i n t   t e s t   p r o b e  

59  c o l o r   p r i n t e r   s y s t e m   10  does   no t   r e q u i r e   k n o w l e d g e   o f  

gamma  or  o t h e r   p a p e r   c h a r a c t e r i s t i c s .   Any  a p p r o x i m a -  
t i o n s   or  i n c o r r e c t   a s s u m p t i o n s   a r e   a u t o m a t i c a l l y  

c o r r e c t e d   by  i t e r a t i n g  b l o c k s   84  and  86.  If  t h e  

d e n s i t i e s   a r e   e x a c t l y   e q u a l ,   the   m u l t i p l i c a t i o n   f a c t o r  

w i l l   be  u n i t y .  

T h e s e   c o r r e c t i o n   f a c t o r s   a r e   a p p l i e d   to  b e  

r e f e r e n c e   p o i n t   68  of  t he   p r i n t   t ime   v e r s u s   d e n s i t y  

g r a p h   of  e a c h   c o l o r   in  b l o c k   122.   They  a re   a l s o   a p p l i e d  

to  the   p r i n t   t i m e s   of  t he   n o r m a l   r e f e r e n c e   n e g a t i v e   f o r  

e a c h   c o l o r   in  the   s t e p   shown  in  b l o c k   124.  T h e s e   v a l u e s  

s t a r t   a t   some  a p p r o x i m a t i o n   s u p p l i e d   to  the   u s e r   on  a  

c a s s e t t e .   By  p e r f o r m i n g   the   o p e r a t i o n s   in  b l o c k   1 2 4  

t h e s e   v a l u e s   a r e   c a u s e d   to  become  c o r r e c t   f o r   the   p a r -  
t i c u l a r   c o l o r   p r i n t e r ,   f i l m ,   e t c .   The  a p p r o p r i a t e   c o r -  

r e c t i o n   f a c t o r s . f o r   the   r e d ,   b l u e   and  g r e e n   p r i n t   t i m e s  

w i l l   be  a p p l i e d   in  t h i s   s t e p .  

The  u l t i m a t e   o b j e c t i v e   of  the   s t e p s   d e f i n e d  

g e n e r a l l y   by  d o t t e d   l i n e   86  is  to  o b t a i n   a  p r i n t   f rom  a  

n o r m a l   r e f e r e n c e   n e g a t i v e   wh ich   is   i d e n t i c a l   to  t h e  

r e f e r e n c e   p r i n t   as  d e t e r m i n e d   by  r e a d i n g s   of  p r i n t   t e s t  

p r o b e   59.  In  d i a m o n d   126  the   p r o b e   r e a d i n g s   of  b l o c k   1 1 9  



a r e   c o m p a r e d .   If   t he   d i f f e r e n c e   i s   no t   w i t h i n   a n  

a c c e p t a b l e   r a n g e   e x e c u t i o n   w i l l   r e t u r n   to  b l o c k   84  i n  

o r d e r   to   make  a  new  p r i n t   f r om  a  n o r m a l   r e f e r e n c e   n e g a -  
t i v e   u s i n g   the   new  r e f e r e n c e   p o i n t   and  p r i n t   t i m e .   T h i s  

p r o c e s s   w i l l   be  r e p e a t e d   as  n e c e s s a r y   c a u s i n g   s u c c e s s i v e  

a d j u s t m e n t s   u n t i l  t h e   p r i n t s   a r e   w i t h i n   t o l e r a n c e .  

H a v i n g   l e a r n e d   how  to  make  a  c o r r e c t   p r i n t   f r o m  

a  c o r r e c t   n e g a t i v e ,   t he   p r i n t e r   now  l e a r n s   how  to  m a k e  

c o r r e c t   p r i n t s   f rom  u n d e r e x p o s e d   and  o v e r e x p o s e d   n e g a -  
t i v e s .   T h i s   p r o c e s s   is  d e p i c t e d   w i t h i n   d o t t e d   l i n e   88  

of  F i g .   3B.  B l o c k s   128 ,   130 ,   132 ,   134,   136,   138  a n d  

d i a m o n d   140  a r e   an  e x p a n d e d   r e p r e s e n t a t i o n   of  b l o c k   88  

of  F i g .   2A.  The  f i r s t   s t e p   in  t h i s   p r o c e s s   is  to   m a k e  

p r i n t s   of  t he   f i v e   n e g a t i v e s   w h i c h   were   r e a d   in  b l o c k  

82.  T h e s e   a r e   t he   n o r m a l   r e f e r e n c e ,   the   o v e r e x p o s e d  

r e f e r e n c e ,   the   u n d e r e x p o s e d   r e f e r e n c e ,   the   e x t r e m e l y  

o v e r e x p o s e d   and  the   e x t r e m e l y   u n d e r e x p o s e d .   T h e  

p r i n t i n g   of  t h e s e   n e g a t i v e s   is  shown  in  b l o c k   1 2 8 .  

In  b l o c k   130  p r i n t   t e s t   p r o b e   r e a d i n g s   of  e a c h  

of  t h e s e   p r i n t s   a r e   made  and  s t o r e d   in  the  d a t a   b a s e   i n  

RAM  24.   The  o b j e c t i v e   is  to  a d j u s t   the   r e f e r e n c e   p o i n t s  

and  p r i n t   t i m e s   of  the   f o u r   i n c o r r e c t l y   e x p o s e d   n e g a -  
t i v e s   in  s u c h   a  way  as  to  p r o d u c e   p r i n t s   of  t he   f o u r  

n e g a t i v e s   w h i c h   y i e l d   t he   same  d e n s i t y   r e a d i n g s   as  t h e  

p r i n t   of  t he   n o r m a l   r e f e r e n c e   n e g a t i v e .  

In  b l o c k   132  t he   d e n s i t y   d i f f e r e n c e   c o r r e c t i o n  

f a c t o r s   a r e   c a l c u l a t e d   in  t he   same  f a s h i o n   as  t h e  

d e n s i t y   d i f f e r e n c e   c a l c u l a t i o n s   in  b l o c k   120.   T h r e e  

s u c h   c o r r e c t i o n   f a c t o r s   a r e   d e t e r m i n e d ,   one  f o r   e a c h  

c o l o r .   T h e s e   t h r e e   c a l c u l a t i o n s   a r e   p e r f o r m e d   f o r   e a c h  

of   t he   f o u r   n e g a t i v e s .   In  b l o c k s   134  and  136  t h e s e  

c o r r e c t i o n   f a c t o r s   a r e   a p p l i e d   to  r e f e r e n c e   p o i n t s   6 0 ,  

64,  68,  72  and  76  and  to  t h e   p r i n t   t i m e s   f o r   e ach   of  t h e  

f o u r   n e g a t i v e s .   T h e s e   new  r e f e r e n c e   p o i n t s   a r e   u sed   t o  

a d j u s t   o t h e r   i n t e r n a l   v a l u e s .  



Once  the   r e f e r e n c e   p o i n t s   have   been   a d j u s t e d   t h e  

c u r r e n t   or  p r e s e n t   v a l u e s   of   d e n s i t y   s l o p e   a r e   r e p l a c e d  

w i t h   a d j u s t e d   v a l u e s  o f   d e n s i t y   s l o p e .   The  s l o p e   c a l c u -  

l a t i o n   i n v o l v e d   is   t he   s t a n d a r d   m  =  d e l t a   y / d e l t a   x .  

For  e x a m p l e ,   to  d e t e r m i n e   the   s l o p e   of  s e g m e n t   70  o f  

F ig .   1B,  the   d e n s i t y   c o o r d i n a t e   of  r e f e r e n c e   p o i n t   72  i s  

s u b t r a c t e d   from  t he   d e n s i t y   c o o r d i n a t e   of  r e f e r e n c e  

p o i n t   68.  The  t i m e   c o o r d i n a t e   of  r e f e r e n c e   p o i n t   72  i s  

t h e n   s u b t r a c t e d   f rom  the   t ime  c o o r d i n a t e   of  r e f e r e n c e  

p o i n t   68.  The  f o r m e r   v a l u e   is  t h e n   d i v i d e d   by  the   l a t e r  

v a l u e .   T h i s   p r o c e s s   w i l l   be  r e p e a t e d   f o r   t he   r e d ,   t h e  

g r e e n   and  the   b l u e   r e f e r e n c e   p o i n t s .   The  r e s u l t s   a r e  
the   a d j u s t e d   p r i n t   t i m e   v e r s u s   d e n s i t y   s l o p e s .   T h e y  

w i l l   be  s t o r e d   a t   d a t a   19,  20  and  21  of  T a b l e   1.  T h e  

same  p r o c e d u r e   w i l l   be  p e r f o r m e d   fo r   s e g m e n t   66,  and  t h e  

r e s u l t s   w i l l   be  s t o r e d   at   d a t a   16,  17  and  18  of  T a b l e   1 .  

Th i s   p r o c e s s   is  r e p e a t e d   f o r   s e g m e n t s   62  and  7 4 .  

In  d i a m o n d   140  a  d e t e r m i n a t i o n   is  made  w h e t h e r  

t he   d e n s i t i e s   of  t he   p r i n t s   made  from  the   v a r i o u s  u n d e r -  

e x p o s e d   and  o v e r e x p o s e d   n e g a t i v e s   wh ich   w e r e  m a d e   i n  

b l o c k   128  a r e   w i t h i n   t he   d e s i r e d   t o l e r a n c e   of  t h e  

d e n s i t y   of  t he   p r i n t   made  f rom  t he   n o r m a l   r e f e r e n c e  

n e g a t i v e .   If   t h e y   were   n o t ,   a  r e t u r n   to  b l o c k   128  w i l l  

be  e x e c u t e d   and  t h e   p r o c e s s   w i l l   be  r e p e a t e d .   T h i s   i s  

c o n t i n u e d   u n t i l   t h e   d e n s i t i e s   a r e   w i t h i n   t o l e r a n c e .  

The  f i n a l   s t e p   in  t h e   b a l a n c i n g   p r o c e d u r e ,   b l o c k  

142,   is  r e a d i n g   of   t he   a m b i e n t   l i g h t   o f f s e t .   T h i s  

i n v o l v e s   t he   same  p r o c e s s   as  was  d e s c r i b e d   in  b l o c k   80  

a b o v e .   At  t h i s   p o i n t   t he   l i g h t s   a re   t u r n e d   on  and  a n  

a m b i e n t   l i g h t   o f f s e t   is  r e q u e s t e d .   Th i s   v a l u e   is   s t o r e d  

in  memory  and  is  u s e d   when  the   p r i n t   c y c l e   is   e x e c u t e d .  

H o w e v e r ,   the   o p e r a t o r   may  a t   the   t ime   of  the   e x e c u t i o n  

of  the   p r i n t   c y c l e   e l e c t   to  have  a n o t h e r   a m b i e n t   l i g h t  

o f f s e t   c a l c u l a t e d   in  o r d e r   to  t a k e   i n t o   a c c o u n t   t h e  

a m b i e n t   l i g h t   at   t he   t i m e   of  t h a t   p r i n t   s e s s i o n ,   a s  

o f t e n   as  n e c e s s a r y .  



D e t a i l e d   D e s c r i p t i o n   of  the   P r i n t   C y c l e  

F i g s .   3C  and  3D  show  a  d e t a i l e d   d e s c r i p t i o n   o f  

the   f low  c h a r t   of  the   p r i n t   c y c l e .   T h e r e   may  be  t i m e s  

when  the   o p e r a t o r   w i l l   d e s i r e   to  make  a  p r i n t   u s i n g  

j u d g e m e n t   a f t e r   v i s u a l   e x a m i n a t i o n   of  the   n e g a t i v e .   I n  

such   c a s e s   the   o p e r a t o r   may  o v e r r i d e   a l l   the   c o r r e c t i o n  

f a c t o r s   to  be  d e s c r i b e d   b e l o w .   In  d i a m o n d   90  a  d e t e r -  

m i n a t i o n   is   made  w h e t h e r   the   o p e r a t o r   has  r e q u e s t e d   a  

m a n u a l   o v e r r i d e .   If   t he   a n s w e r   is  y e s ,   e x e c u t i o n  

p r o c e e d s   to   t he   d e n s i t y   c o r r e c t i o n   of   b l o c k   112.   O t h e r -  

w i s e   t he   o p e r a t o r   may  a t   t h i s   p o i n t   e l e c t   to  make  a n  

a m b i e n t   l i g h t   o f f s e t   r e a d i n g   as  s e e n   in  b l o c k   92.  T h e  

o p e r a t o r   w i l l   e l e c t   to  make  t h i s   a m b i e n t   l i g h t   o f f s e t  

r e a d i n g   w h e n e v e r   l i g h t i n g   c o n d i t i o n s   a r o u n d   the   p r i n t e r  

c h a n g e .   T h i s   r e a d i n g   is  t he   same  as  was  d e s c r i b e d   i n  

b l o c k s   82  and  142 .   The  a m o u n t   of  o f f s e t   d e t e c t e d   w i l l  

be  s u b t r a c t e d   f rom  the   p h o t o c e l l   r e a d i n g s   in  o r d e r   t o  

c o m p e n s a t e   f o r   t h e   a m b i e n t   l i g h t .  

-  In  b l o c k  9 4   the   i l l u m i n a t i o n   s o u r c e   in  l a m p -  

h o u s i n g   50  is  a c t i v a t e d  a n d   l i g h t   is  t r a n s m i t t e d   t h r o u g h  

n e g a t i v e   46.  The  a m o u n t   of  r e d ,   g r e e n   and  b l u e   l i g h t  

t r a n s m i t t e d   is  d e t e c t e d   by  p h o t o c e l l s   52a ,   b,  c  r e s p e c -  

t i v e l y .   The  o u t p u t   of  p h o t o c e l l s   5 2 a - c   is  a m p l i f i e d   b y  

o p e r a t i o n a l   a m p l i f i e r s   4 0 a - c   and  m u l t i p l e x e d   by  m u l t i -  

p l e x e r   42.   The  o u t p u t   of  m u l t i p l e x e r   42  is  r e a d   by  A / D  

c o n v e r t e r   44  and  m i c r o p r o c e s s o r   14  makes   r e a d i n g s   o f  

the   o u t p u t   of  A/D  c o n v e r t e r   44  by  means  of  bus  1 2 .  

T h u s ,   t h e s e   r e a d i n g s   made  by  m i c r o p r o c e s s o r   14  a r e  
r e l a t e d   to  t he   a m o u n t   of  r e d ,   g r e e n   and  b l u e   l i g h t  

t r a n s m i t t e d   t h r o u g h   the   n e g a t i v e   46.  EPROM  23  and  RAM 

24  c o n t a i n   a l g o r i t h m s   and  d a t a   which   e n a b l e   m i c r o -  

p r o c e s s o r   14  to  make  c a l c u l a t i o n s   b a s e d   upon  t h e s e   A /D  

r e a d i n g s .   T h e s e   c a l c u l a t i o n s   i n v o l v e   d e v e l o p i n g   r a t i o s  

of  t he   v a r i o u s   a m o u n t s   of  l i g h t   to  each   o t h e r .   T h e s e  

r a t i o s   w i l l   be  u s e d   to  c a l c u l a t e   the   l i n e a r   c o m p o n e n t   o f  



t he   p r i n t   t ime   s i g n a l s   and  to  d e t e r m i n e   w h e t h e r   a  c o l o r  

p r e d o m i n a n c e   e x i s t s .  

The  l i n e a r   p r i n t   t i m e s   a r e   c o r r e c t i o n s   of  t h e  

r e f e r e n c e   p r i n t   t i m e s   c o n t a i n e d   in  t he   d a t a   b a s e   w h i c h  

is  in  RAM  24.  The  p r i n t   t i m e   s i g n a l   f o r   e a c h   c o l o r   i s  

i n v e r s e l y   p r o p o r t i o n a l   to  t he   l i g h t   of  t h a t   c o l o r   w h i c h  

is   t r a n s m i t t e d   by  n e g a t i v e   46.  For  e x a m p l e ,   an  o v e r -  

e x p o s e d   n e g a t i v e   w i l l   t r a n s m i t   l e s s   l i g h t   and  t h e r e f o r e  

w i l l   r e q u i r e   a  l o n g e r   p r i n t   t ime   in  o r d e r   to  p r i n t  

c o r r e c t l y .   Thus ,   a  r a t i o   of  t he   amoun t   of  red   l i g h t  

t r a n s m i t t e d   by  the   p r o d u c t i o n   n e g a t i v e   to  the   red   l i g h t  

t r a n s m i t t e d   by  the   r e f e r e n c e   n e g a t i v e   i s  m u l t i p l i e d   by  

the   n o r m a l   p r i n t   t i m e   of  red   in  o r d e r   to  make  t h i s  

c o r r e c t i o n .   H o w e v e r ,   in  b l o c k   94  o n l y   the   r a t i o s   a r e  

c a l c u l a t e d ,   the  a p p l i c a t i o n   of  t h e s e   r a t i o s   to  the   p r i n t  

t i m e s   may  be  s u p p r e s s e d   l a t e r .   S i m i l a r   r a t i o s   a r e  

d e v e l o p e d   f o r   g r e e n   and  b l u e   l i g h t .  

B lock   96  shows  the  m a s t e r   c o r r e c t i o n   f a c t o r .  

T h i s   c o r r e c t i o n   f a c t o r   t a k e s   i n t o   a c c o u n t   e v e r y t h i n g   i n  

c o l o r   p r i n t e r   s y s t e m   10  from  the   l i g h t   s o u r c e   t h r o u g h   t h e  

m e a s u r e m e n t   of  a  t e s t   p r i n t .   The  o p e r a t o r   may 

r e q u e s t   t h a t   a  m a s t e r   c o r r e c t i o n   f a c t o r   be  r e c a l c u l a t e d  

as  n e c e s s a r y   u s i n g   k e y b o a r d   18.  If  some  n e g a t i v e s   a r e  

p r i n t e d   c o r r e c t l y   and  o t h e r s   a re   n o t ,   the   o p e r a t o r   w i l l  

p e r f o r m   the   b a l a n c i n g   p r o c e d u r e   as  shown  in  F i g .   2A  a n d  

F i g .   3A.  H o w e v e r ,   i f  t h e r e   is  a  s y s t e m a t i c   p r o b l e m   w h i c h  

a p p e a r s   in  a l l   s e t u p s ,   the   o p e r a t o r   w i l l   r e q u e s t   a  
c a l c u l a t i o n   of  t he   m a s t e r   c o r r e c t i o n   f a c t o r .   In  b l o c k  

96,  t h i s   m a s t e r   c o r r e c t i o n   f a c t o r   is  r e t r i e v e d   f r om RAM 

24  and  a p p l i e d   to  t he   c u r r e n t   p r o d u c t i o n   p r i n t   t i m e s .  

In  o r d e r   to  d e t e r m i n e   t he   m a s t e r   c o r r e c t i o n  

f a c t o r   the   d e n s i t y   of  a  p r i n t   of  the   n o r m a l   r e f e r e n c e  

n e g a t i v e   and  the   d e n s i t y   of  a  s t a n d a r d   r e f e r e n c e   p r i n t  

a r e   c o m p a r e d   as  in  b l o c k   86.  However   when  t h i s   c o r r e c -  



t i o n   f a c t o r   is  c a l c u l a t e d   f rom  the   d e n s i t y   d i f f e r e n c e   i t  

i s   n o t   a p p l i e d   to  any  of  t he   i n t e r n a l   v a l u e s .   I t   i s  

s t o r e d   in  RAM  24  and  a p p l i e d   to  n e g a t i v e s   f a l l i n g   in  a l l  

of  t he   s e g m e n t s   of  F i g .   1B  r e g a r d l e s s   of  w h i c h   s e t u p   i s  

u s e d .  

I n  b l o c k   98,   c o l o r   p r e d o m i n a n c e   is  d e t e c t e d .  

U s i n g   m i c r o p r o c e s s o r   14  and  a l g o r i t h m s   and  d a t a   c o n t a i n -  

ed  in  EPROM  23  and  RAM  24  c o l o r   p r i n t e r   s y s t e m   10  w i l l  

d e t e r m i n e   w h e t h e r   t h e   a m o u n t   of  red  g r e e n   and  b l u e   l i g h t  

t r a n s m i t t e d   by  the   p r o d u c t i o n   n e g a t i v e   is  a p p r o x i m a t e l y  

e q u a l   to   t he   a m o u n t   of  e ach   c o l o r   t r a n s m i t t e d   by  t h e  

n o r m a l   r e f e r e n c e   n e g a t i v e .   T h i s   d e t e r m i n a t i o n   is   made  

by  e x a m i n i n g   the   l i g h t   r a t i o s   c a l c u l a t e d   in  b l o c k   9 4 .  

I f   t h e s e   r a t i o s   a r e   w i t h i n   c e r t a i n   p r e d e t e r m i n e d   l i m i t s  

t h e   s t a n d a r d   " i n t e g r a t i o n - t o - g r a y "   m e t h o d   w i l l   be  u s e d .  

E x e c u t i o n   w i l l   p r o c e e d   f rom  c o l o r   p r e d o m i n a n c e   d e t e c t i o n  

b l o c k   98  to  t he   s l o p e   c o r r e c t i o n   b l o c k   110.   If   t h e s e  

r a t i o s   a r e   w i t h i n   o t h e r   p r e d e t e r m i n e d   l i m i t s ,   r a t i c   w i l l  

be  made  u s i n g   a  c o l o r   c o r r e c t i o n   of  t he   p r i n t   t i m e s   t o  

p e r m i t   t h e   p r i n t   to  have   a  p r o p e r   c o l o r   b a l a n c e .  

A  p r e d o m i n a n c e   of  y e l l o w   l i g h t   may  be  due  to  t h e  

use   of  a  t u n g s t e n   f i l a m e n t   l i g h t b u l b .   If   such   a  y e l l o w  

p r e d o m i n a n c e   is  d e t e c t e d   t h e   p r i n t e r   w i l l   i n q u i r e   of  t h e  

o p e r a t o r   u s i n g   d i s p l a y   16  w h e t h e r   a  t u n g s t e n   c o r r e c t i o n  

s h o u l d   be  p e r f o r m e d   as  r e p r e s e n t e d   in  d i a m o n d   102.   By 
v i s u a l   i n s p e c t i o n   of   n e g a t i v e   46  the   o p e r a t o r   can  d e t e r -  

mine   w h e t h e r   t he   p r e d o m i n a n c e   d e t e c t e d   is  due  t o  

t u n g s t e n   or  to  some  o t h e r   f a c t o r .   If   t he   p r e d o m i n a n c e  

is  due  to   t u n g s t e n   t he   o p e r a t o r   w i l l   e n t e r   yes   u s i n g  

k e y b o a r d   18  and  a  s p e c i a l   t u n g s t e n   c o r r e c t i o n   w i l l   b e  

e x e c u t e d   in  b l o c k   102 .   T h i s   c o r r e c t i o n   i n v o l v e s   t h e  

a d d i t i o n   of  the   e m p i r i c a l l y   d e t e r m i n e d   f i x e d   a m o u n t .  

S i m i l a r l y ,   a  p r e d o m i n a n c e   of  b l u e / g r e e n   may  b e  

due  to  f l u o r e s c e n t   l i g h t .   As  in  the   c a s e   of  the   y e l l o w  



p r e d o m i n a n c e   f o r   the   t u n g s t e n   c o r r e c t i o n ,   c o l o r   p r i n t e r  

s y s t e m   10  w i l l   i n q u i r e   of  the   o p e r a t o r   in  d i a m o n d   1 0 4  
w h e t h e r   f l o r e s c e n t   c o r r e c t i o n   s h o u l d   be  made  when  a 
p r e d o m i n a n c e   of  b l u e / g r e e n   a b o v e   an  e m p i r i c a l l y   d e t e r -  

mined   v a l u e   is  d e t e c t e d .   If  the   o p e r a t o r ' s   r e s p o n s e   i s  

y e s ,   b l o c k   106  is  e x e c u t e d .   A g a i n ,   a  f i x e d   e m p i r i c a l l y  
d e t e r m i n e d   c o r r e c t i o n   is  a d d e d .  

To  the   f i r s t   a p p r o x i m a t i o n   the  r e l a t i o n s h i p  
b e t w e e n   the  d e n s i t y   and  the   p r i n t   t ime   is  l i n e a r   and  t h e  
c o l o r   c o r r e c t i o n   of  b l o c k   98  is   a d e q u a t e   to  the   e x t e n t  
of  t h i s   l i n e a r i t y .   H o w e v e r ,   t he   r e l a t i o n s h i p   b e t w e e n  

d e n s i t y   and  t ime   is  n o t   e x a c t l y   l i n e a r .   T h e r e f o r e   a  
n o n - l i n e a r   or  s l o p e   c o r r e c t i o n   must   be  made .   T h i s  

c o r r e c t i o n   is  made  in  the   s t e p s   d e f i n e d   g e n e r a l l y   b y  

d o t t e d   l i n e   110  of  F i g .   3D.  T h e s e   s t e p s   a r e   an  e x p a n d e d  

d e s c r i p t i o n   of  b l o c k   110  of  F i g .   2A,  the   s l o p e   c o r r e c -  
t i o n   s t e p .   The  a p p r o p r i a t e   c o r r e c t i o n   w i l l   be  s e l e c t e d  

by  d e t e r m i n i n g   w h i c h   s e g m e n t   of  F ig .   1B  is   a p p l i c a b l e .  

I n s i d e   d o t t e d   l i n e   110,   the   l i n e a r   t ime   of  t h e  

t e s t   n e g a t i v e   is  c o m p a r e d   a g a i n s t   t h r e e   o t h e r   v a l u e s   o f  

t i m e .   In  d i a m o n d   144  i t   is  c o m p a r e d   a g a i n s t   the   t i m e  

of  t he   u n d e r e x p o s e d   r e f e r e n c e   n e g a t i v e .   In  d i a m o n d   1 5 0  

i t   is   c o m p a r e d   a g a i n s t   the   t ime   of  t he   n o r m a l   r e f e r e n c e  

n e g a t i v e ,   and  in  d i a m o n d   152  i t   is  c o m p a r e d   a g a i n s t   t h e  

t i m e   of  the   o v e r e x p o s e d   r e f e r e n c e .  

In  d i a m o n d   144,   t he   t ime   of  the   t e s t   n e g a t i v e  

(T  )   is   c o m p a r e d   a g a i n s t   the   t ime   of  the  u n d e r e x p o s e d  

r e f e r e n c e   p o i n t   (T urp ) .   If  the   t ime  of  the   t e s t  

n e g a t i v e   is  l e s s   t h a n   the   t ime   of  the  u n d e r e x p o s e d  

r e f e r e n c e   p o i n t ,   e x e c u t i o n   w i l l   p r o c e e d   to  b l o c k   1 5 4 .  

T h i s   w i l l   be  the   c a s e   w h e n e v e r   a  t e s t   n e g a t i v e   f a l l s   i n  

s e g m e n t   74  of  F i g .   1B.  The  s l o p e   c o r r e c t i o n   f o r   t e s t  

n e g a t i v e s   f a l l i n g   in  t h i s   s e g m e n t   as  shown  in  b l o c k   1 5 4  

i s :  



w h e r e   Tp  is  t he   p r i n t   t i m e   w h i c h   i s   b e i n g   c a l c u l a t e d ,  

T   is   t h e   p r i n t   t i m e   f o r   t h e   u n d e r e x p o s e d   r e f e r e n c e  

n e g a t i v e ,   S74  i s   t h e   s l o p e   w h i c h   was  c a l c u l a t e d   f o r  

s e g m e n t   74  in  b l o c k   138  of  F i g .   3B.  T   is  t h e   l i n e a r  

p r i n t   t i m e   c a l c u l a t e d   t h u s   f a r   f o r   t he   t e s t   n e g a t i v e .  

I f   Tn  is   e q u a l   to  T u r p ,   t he   s l o p e   c a l c u l a t e d  

f o r   s e g m e n t   70  of  F i g .   1B  is   u s e d .   T h i s   is  shown  i n  

b l o c k   146 .   T h i s   c o r r e c t i o n   i s :  

w h e r e   Tn  is  the   p r i n t   t ime   f o r   a  n o r m a l   r e f e r e n c e  

n e g a t i v e   and  S70  is   the   s l o p e   c a l c u l a t e d   in  b l o c k   1 3 8  

f o r   s e g m e n t   70.  If   t he   t i m e   of  t he   t e s t   n e g a t i v e   i s  

g r e a t e r   t h a n   the   t i m e   of  t he   u n d e r e x p o s e d   r e f e r e n c e  

n e g a t i v e ,   t h e n   t he   t e s t   n e g a t i v e   w i l l   f a l l   i n t o   one  o f  

t he   o t h e r   t h r e e   s e g m e n t s .   D i a m o n d s   150  and  152  w i l l   b e  

u s e d   to  d e t e r m i n e   w h i c h .  

In  d i a m o n d   150,   the   t ime   of  a  t e s t   n e g a t i v e   i s  

c o m p a r e d   to  the   t i m e   of  the   n o r m a l   n e g a t i v e .   If  t h e  

t i m e   of  a  t e s t   n e g a t i v e   is  l e s s   t h a n   or  e q u a l   to  t h e  

t i m e   of  the   n o r m a l   r e f e r e n c e   n e g a t i v e   b l o c k   148  w i l l   b e  

e x e c u t e d .   T h i s   i s   t he   r e g i o n   b e t w e e n   a  n o r m a l   r e f e r e n c e  

n e g a t i v e   and  an  u n d e r e x p o s e d   r e f e r e n c e   n e g a t i v e ,   t h a t  

i s ,   s e g m e n t   70  of  F i g .   1B.  The  c a l c u l a t i o n   f o r   t h e  

p r i n t   t i m e   of  n e g a t i v e s   f a l l i n g   in  t h i s   r a n g e   i s :  

T h i s   c a l c u l a t i o n   is   t he   same  as  the   one  p e r f o r m e d   i n  

b l o c k   1 4 6 .  

In  d i a m o n d   152 ,   t h e   t ime   of  the   t e s t   n e g a t i v e  

is   c o m p a r e d   a g a i n s t   t he   t i m e   of  t he   o v e r e x p o s e d  

r e f e r e n c e   n e g a t i v e .   U s i n g   t h i s   t e s t ,   t he   a l g o r i t h m  



w i l l   d e t e r m i n e   w h e t h e r   the   t e s t   n e g a t i v e   f a l l s   i n t o  

s e g m e n t   62  or  66.  If   the   t ime   of  t he   t e s t   n e g a t i v e   i s  

l e s s   t han   or  e q u a l   to  the   t ime   of  t he   o v e r e x p o s e d  

n e g a t i v e ,   the   t e s t   n e g a t i v e   f a l l s   in  s e g m e n t   68  a n d  

e x e c u t i o n   p r o c e e d s   to  b l o c k   156.   T h i s   c a l c u l a t i o n   i s :  

w h e r e   S66  is  the   s l o p e   c a l c u l a t e d   in  b l o c k   138  f o r  

n e g a t i v e s   f a l l i n g   in  r e g i o n   6 6 .  

If   the   t ime   of  the  t e s t   n e g a t i v e   is  g r e a t e r  

t h a n   the  t ime  of  the   o v e r e x p o s e d   n e g a t i v e ,   e x e c u t i o n  

w i l l   p r o c e e d   to  b l o c k   158.   The  c o r r e c t i o n   c a l c u l a t e d  

in  t h i s   b l o c k   i s :  

w h e r e   T0  is  the   p r i n t   t ime  f o r   the  o v e r e x p o s e d  

r e f e r e n c e   n e g a t i v e   and  S62  is  the   s l o p e   c o r r e c t i o n  

f a c t o r   s e g m e n t   6 2 .  

Once  the   s l o p e   c o r r e c t i o n   has   been   made ,   e x e c u -  

t i o n   p r o c e e d s   to  b l o c k   112,   the   d e n s i t y   c o r r e c t i o n .  

T h i s   is  the   b l o c k   to  wh ich   e x e c u t i o n   would   i m m e d i a t e l y  

p r o c e e d   i f   a  m a n u a l   o v e r r i d e   has   been   r e q u e s t e d   i n  

d i a m o n d   90.  The  o p e r a t o r   of  c o l o r   p r i n t e r   s y s t e m   10  may  
v i s u a l l y   d e t e c t   t h a t   a  r o l l   of  f i l m   or  a  p a r t i c u l a r  

n e g a t i v e   has  an  i m p r o p e r   a m o u n t   of  c o l o r .   T h i s   may  b e  

due  to  such   t h i n g s   as  s t o r i n g   the   f i l m   o u t s i d e   i t s  

t e m p e r a t u r e   r a n g e   f o r   a  l ong   p e r i o d   of  t i m e .   When  t h i s  

is  d e t e c t e d ,   t he   o p e r a t o r   may  r e q u e s t   a p p r o p r i a t e   c o l o r  

c o r r e c t i o n s   u s i n g   k e y b o a r d   1 8 .   In  b l o c k  1 1 2 ,   c o l o r  

p r i n t e r   s y s t e m   10  w i l l   d e t e r m i n e   i f   any  such   r e q u e s t s  

have   been   made,   and ,   i f   so ,   make  the   r e q u e s t e d   c o r r e c -  

t i o n s .  

At  t h i s   p o i n t   a l l   of  t he   a p p r o p r i a t e   c o r r e c t i o n s  



have   b e e n   made  to  t he   p r i n t   t i m e .   In  b l o c k   114 ,   m i c r o -  

p r o c e s s o r   14  o p e n s   d a r k   s h u t t e r   38  in  l a m p h o u s e   5 0 ,  
a c t i v a t e s   p a d d l e s   32,  34  and  36  as  a p p r o p r i a t e ,   c l o s e s  

d a r k   s h u t t e r   38,  and  a c t i v a t e s   p a p e r   t r a n s p o r t   56  w h i c h  

a d v a n c e s   t he   p a p e r   and  c u t s   i t .   The  e x p o s u r e   t i m e s   a r e  
d i s p l a y e d   u s i n g   d i s p l a y   1 6 .  

In  c o l o r   p r i n t e r   c o n t r o l   s y s t e m   10  t he   f o l l o w i n g  

c o m p o n e n t s   have   been   used   f o r   the   o p e r a t i o n   and  f u n c t i o n  

as  d e s c r i b e d   and  s h o w n .  

W h i l e   p a r t i c u l a r   e m b o d i m e n t s   of  t h e   i n v e n t i o n  

have   b e e n   shown  and  d e s c r i b e d ,   t h i s   is  no t   to  be  c o n -  

s i d e r e d   as  n e c e s s a r i l y   l i m i t i n g   of  t he   i n v e n t i o n .   I t   i s  

u n d e r s t o o d   t h a t   n u m e r o u s   c h a n g e s   may  be  made  w i t h i n   t h e  

s c o p e   of  t h e   i n v e n t i o n .   For  e x a m p l e ,   s y s t e m   10  m a y  
c o n t r o l   t h e   m a k i n g   of  p r i n t s   f rom  s l i d e s   and  b l a c k   a n d  

w h i t e   n e g a t i v e s .   L a m p h o u s e   50  may  c o m p r i s e   any  s o u r c e  

of  c o n t i n u o u s   or  n o n c o n t i n u o u s   l i g h t .   In  a d d i t i o n ,  

p a d d l e s   32 ,   34,   36  may  be,   f o r   e x a m p l e ,   a d d i t i v e   o r  

s u b t r a c t i v e .  

The  f o l l o w i n g   is  a  l i s t i n g   f o r   t he   f i r m w a r e   f o r  

EPROM  23.   T h i s   l i s t i n g   c a r r i e s   ou t   t he   o p e r a t i o n s   s e t  

f o r t h   in  F i g s .   2A-B  and  3A-D  and  is  e x p r e s s e d   in  Z80 

a s s e m b l y   l a n g u a g e .  



1.  A  color  p r i n t i n g   con t ro l   system  c h a r a c t e r i s e d   i n  

that   it  has  s ignal   p rocess ing   means  (14)  for  a u t o m a t i c a l l y   p e r -  

forming  setups  of  i n t e r n a l   values   and  for  c o n t r o l l i n g   the  c o l o r  

balance  and  the  color  dens i ty   in  making  color  p r i n t s   from  c o l o r  

n e g a t i v e s ,   the  system  c o m p r i s i n g  :  

means  (52a,  52b,  52c)  for  reading  the  l i gh t   t r a n s m i t -  

ted  by  each  color  nega t ives   ( 4 6 )  ;  

means  (50,  32,  34,  36 ,  38 )   for  t r a n s m i t t i n g   l i g h t  

through  each  color  nega t ive   and  p rov id ing   d i f f e r i n g   color  p r i n t  

times  in  accordance  with  p r in t   time  s i g n a l s  ;  

l i gh t   source  (50)  and  l i g h t   sensing  means  (59)  c o u p l e d  

to  said  s ignal   p rocess ing   means  for  reading  a  normal  r e f e r e n c e  

p r in t   and  p r in t s   made  from  normal,  underexposed  and  ove rexposed  

r e f e r ence   nega t ives   and  producing  r e s p e c t i v e   s i gna l s   each  r e -  

l a ted   to  the  color  d e n s i t i e s  ;  

means  (24)  for  s t o r i n g   said  s i g n a l s  ;   and 

said  s ignal   p roces s ing   means  inc lud ing   means  (14)  f o r  

comparing  said  s igna l s   from  a  normal  r e f e rence   p r in t   with  s a i d  

s igna l s   from  p r i n t s   a c t u a l l y   made  by  the  system  using  i n i t i a l  

i n t e r n a l   values  to  determine  a d j u s t e d   i n t e r n a l   values  i n c l u d i n g  

ad jus t ed   p r in t   time  s igna l s   wherby  the  normal  and  unde rexposed  

and  overexposed  r e f e r ence   n e g a t i v e s   produce  p r i n t s   with  t he  

same  d e n s i t i e s   as  the  r e f e r e n c e   p r i n t .  

2.  A  method  for  a u t o m a t i c a l l y   performing  setups  o f  

i n t e r n a l   values  and  for  c o n t r o l l i n g   the  color  balance  and  t h e  

color  dens i t y   in  making  color  p r i n t s   from  color  nega t ives   c h a r a c -  

t e r i s e d   in  that   it  comprises  the  s teps   o f  :  

(a)  reading  the  l:ëght  t r a n s m i t t e d   by  each  c o l o r  



nega t ive   ( 4 6 )  ;  

(b)  t r a n s m i t t i n g   l i g h t   through  each  color   nega t ive   and 

p rov id ing   d i f f e r i n g   co lor   p r i n t   times  in  accordance  with  p r in t   t ime  

s i g n a l s  ;  

(c)  reading   a  normal  r e f e r e n c e   p r in t   and  p r i n t s   made 

from  normal,   underexposed  and  overexposed  r e f e r e n c e   nega t ives   and 

producing  r e s p e c t i v e   s i g n a l s   each  r e l a t e d   to  the  color   d e n s i t i e s  ;  

(d)  s t o r i n g   said  s i g n a l s  ;   and 

(e)  comparing  said  s i g n a l s   from  a  normal  r e f e r e n c e  

p r in t   with  said  s i g n a l s   from  p r i n t s   a c t u a l l y   made  by  the  system  u s i n g  

i n i t i a l   i n t e r n a l   va lues   to  de termine   a d j u s t e d   i n t e r n a l   values   i n c l u -  

ding  a d j u s t e d   p r i n t   time  s i g n a l s   whereby  the  normal  and  unde rexposed  

and  overexposed  r e f e r e n c e   n e g a t i v e s   produce  p r in t s   with  the  same 

d e n s i t i e s   as  the  r e f e r e n c e   p r i n t .  

3.  The  method  of  claim  2  c h a r a c t e r i s e d   in  that   s t e p  

(a)  i nc ludes   the  step  of  c o r r e c t i n g   the  reading  of  l i g h t   t r a n s m i t t e d  

by  a  co lor   nega t ive   to  compensate  for  ambient  l i g h t .  

4.  The  system  of  claim  1  c h a r a c t e r i s e d   in  that   i t  

comprises  means  for  a u t o m a t i c a l l y   per forming  setups  in  which  p r i n t  

time  and  p r i n t   time  versus   d e n s i t y   s lopes   are  ad jus ted   and  for  c o n -  

t r o l l i n g   the  color   ba lance   and  the  color   dens i ty   in  making  c o l o r  

p r i n t s   from  color   n e g a t i v e s   i n d e p e n d e n t l y   of  the  c h a r a c t e r i s t i c s   o f  

the  p r i n t i n g   paper,   c o m p r i s i n g  :  

s ignal   p r o c e s s i n g   means  (14),  means  (42,  44)  c o u p l i n g  
said  l i g h t   sens ing  head  means  (59)  to  said  p roces s ing   means  (14)   f o r  

comparing  the  reading   of  the  s igna l   from  a  r e f e r e n c e   p r i n t   with  t h a t  

of  a  p r i n t   made  from  a  normal  r e f e r e n c e   nega t ive   for  a u t o m a t i c a l l y  

a d j u s t i n g   the  p r i n t   time  and  p r i n t   time  versus   dens i t y   s l o p e s .  

5.  The  system  of  claim  4  c h a r a c t e r i s e d   in  t h a t  s a i d  



proces s ing   means  (14)  inc ludes   means  (24)  for  comparing  another   c o l o r  

p r in t   made  from  the  normal  r e f e rence   nega t ive   using  the  ad jus t ed   p r i n t  

time  versus   dens i ty   slopes  and  a u t o m a t i c a l l y   r e a d j u s t i n g   the  d e n s i t y  

s l o p e s .  

6.  The  system  of  claim  5  c h a r a c t e r i s e d   in  that   s a i d  

s ignal   p roces s ing   means  (14)  inc ludes   means  for  de te rmin ing   a  c o r r e c -  

t ion  f ac to r   based  upon  the  d i f f e r e n c e   in  said  s ignal   and  m u l t i p l y i n g  

the  c o r r e c t i o n   f ac to r   by  the  r e f e rence   point   p r in t   time  which  d e t e r -  

mines  the  slope  to  ob ta in   a  new  value  of  r e f e r ence   p r in t   time  and 

s l o p e .  

7.  The  method  of  claim  2,  for  a u t o m a t i c a l l y   p e r f o r m i n g  

setups  in  which  p r i n t   time  versus  d e n s i t y   slopes  are  a d j u s t e d   and  f o r  

c o n t r o l l i n g   the  color  ba lance   and  the  color   dens i ty   in  making  c o l o r  

p r i n t s   from  color  nega t ives   i ndependen t ly   of  the  c h a r a c t e r i s t i c s   o f  

p r i n t i n g   paper  c h a r a c t e r i s e d   in  that   i t   comprises  the  s teps  o f  :  

(a)  reading  the  l i g h t   t r a n s m i t t e d   by  a  color  n e g a t i v e  ;  

(b)  t r a n s m i t t i n g   l i g h t   through  each  color  nega t ive   and 

p rov id ing   d i f f e r i n g   color   p r in t   times  in  accordance  with  p r i n t   t ime 

s i g n a l s  ;  

(c)  making  a  color  p r i n t   in  accordance  with  the  c o l o r  

nega t ive   l i gh t   reading  and  with  the  cu r r en t   value  of  dens i t y   s l o p e s  ;  

(d)  reading  a  color  p r i n t   and  producing  a  s ignal   r e l a -  

ted  to  the  dens i ty   of  each  of  the  primary  c o l o r s  ;   and 

(e)  comparing  the  reading   o f  t h e   s ignal   from  a  r e f e -  

rence  p r i n t   with  that   of  a  p r in t   made  from  a  normal  r e f e r e n c e   n e g a -  
t ive  for  a u t o m a t i c a l l y   a d j u s t i n g   the  p r i n t   time  v e r s u s  d e n s i t y   s l o p e s .  

8.  The  method  of  claim  7  c h a r a c t e r i s e d   in  that   t h e r e  

is  provided  a  f u r t h e r   step  of  making  another   color  p r in t   from  t h e  

normal  r e f e r e n c e   nega t ive   with  the  ad jus t ed   slopes  and  i t e r a t i n g  



steps  a - e .  

9.  The  method  of  claim  8  c h a r a c t e r i s e d   in  that   s t e p s  

a-e  are  r epea t ed   using  ins tead   of  a  normal  r e f e r e n c e   nega t ive   an 

underexposed   and  then  an  overexposed  r e f e r e n c e   nega t ive   to  o b t a i n  

underexposed   and  overexposed  r e f e r e n c e   point   p r in t   times  which  

de te rmine   the  r e s p e c t i v e   s lopes  to  ob ta in   new  values  of  r e f e r e n c e  

point   p r i n t   t i m e s .  

10.  The  method  of  claim  7  c h a r a c t e r i s e d   in  that   s t e p  

(a)  i n c l u d e s   the  step  of  comparing  the  reading   of  l i g h t   t r a n s m i t t e d  

by  the  co lo r   nega t ive   with  p rede te rmined   r e f e r e n c e   readings   f o r  

d e t e r m i n i n g   whether  the  color   nega t ive   was  exposed  under  a r t i f i c i a l  

l i g h t   and  s i g n a l i n g   an  ope ra to r   if  the  d e t e r m i n a t i o n   is  a f f i r m a t i v e .  

11.  The  method  of  claim  7  c h a r a c t e r i s e d   in  that   s t e p  
(e)  i nc ludes   producing  a  c o r r e c t i o n   f a c t o r   based  upon  the  compar i son  

and  s t o r i n g   the  c o r r e c t i o n   f a c to r   for  m u l t i p l y i n g   the  c o r r e c t i o n  

f a c t o r   by  p r i n t   time  s i g n a l s   to  c o r r e c t   the  p r i n t   time  s i g n a l s .  
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